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U SNTBOBUCTION AND SUMMARY 
This report presents tiie results at the mid point of a study of 
Technology Applieatloiis for Tactical Data Systems ^ The study 
is divided into two major phases. The first deals with the effect 
of new technologies on the malntaiisability of future tactical data 
systems and the ¥/ays in which maintainability considerations v^ill 
influence the utilisation of new technologies. The second covers 
the study and evaluation of new hardware technologies -fehat will be 
used hj system® planners in planning Navy and Marine tactical data 
systems for the 1970 to 1980 era* The study of hardware technology .t„.MUj^ 
includes component and packaging techniques, memories. _dijplays5 
and input/ output equipment. -^ c^^^^ /-z^^^-^^zl^ :^;^/k//yi ^^-5" /X^7.>^Q- 

The oTer-^all pui*pose of the ^txi^'^ is to provide the necessary 
teclmloal information and evaluations of new technologies to permit 
tlie systems planner to make proper decisions concerning the selection 
of hardware for implementing any necessary functions in 1970 to 
1980 era systems* This study is intended to provide guidance for 
systems plamiers vx both the selection of hardware to meet performance 
requirements and ihQ proper utili^jation of new technologies to 
iniproTe maintainability of future data systems operating in a taetica.1 
environments 

This report is preliminary in "bbXut^ covering oialy the first half of 
the study* As a result*, preliminary information^ opinions, and 
conclusions are presented that moc^ be altered h-^ subsequent 
Investigations and evaluations during the remainder of the study. 
This report is not intended to be complete in all areas. Greater 
detail is presented \3^ some areas than in others depending upon the 
status of the woric in particular areas and the information pt^B^iA%^ 
in previous reports, , 



The manner and extent to which technical information is presented 
is also influenced by the fact that part of this study is a follow- on 
to a previous study of hardware technology conducted last year in 
conjunction with Informatics as part of the ANTACCS study. The 
results of the iiwestigationa and evaluations of hardware teelinolc^y 
last year are presented in great detail In VolumLe V of the ANTACCS 
Final Report, This is particularly true with respect to components 
and packaging techniques* memories^ large screen displays^ and 
conventional input/ output equipment. Hence^ in these areas this 
study has concentrated on the investigation and evaluation of newer 
research and development efforts and on monitoring^ validating, 
and updating the status and expectations for the more important 
technologies that were covered in the ANTACCS Final Reposi;, 

Emphasis has h^en placed in the study this year on the relationship 
of new technologies and f^ckaging techniques to maintainability and 
on new technologies for replacing conventional types of electromechanical 
input/output equipments These topics are covered in greater detail 
in this Mid Project Report than are components^ memories^, and 
displaySo In these latter three categories the material presented 
in this report primarily covers important conclusions, changes in a 
specific technology that have occurred since the end of 1964, and 
new technologies that were not adequately covered in the ANTACCS 
Final Report but which have subsequently shown grmXer importance 
or higher feasibility. The preliminary material presented in this Mid 
Project Report will be revised, updated^ and expanded in the Final 



Hew electronic and magnetic technologies^ particularly those based 
on batch-fabrication techniques, have advanced at a much faster rate 

tiian most of the industry had anticipated^ Feasibility has already 

he^n proven far many new technologies mid several of them have already 



been utilised in production equipment. However, the products 

available today empioying these new technologies represent 

only the initial steps in a revolutionary change in electronic and 

magnetic equipments* For esiample^ a single monolithic integrated 

circuit mounted in a flat pack, which represents a major advance 

over equivalent circuits fabricated from discrete components on 

a printed circuit board a year or two ago, will be replaced isi thin 

tlie ne^ few years bj large interconnected mult i- circuit arrays 

fabricated on a silicon chip. Each such chip may contain hundreds 

or thousands of interconnected circuits^ Several multi«circuit arrays 

of this type can be interconnected by vacuum deposited wiring patterns 

on substrates and packaged as a single large unit* This will make - 

it possible to fabricate and interconnect major portions of a computer 

in a single replaceable unit* but logic design and machine organisation 

techniques must be developed to permit computers to be- 

organised in large functional blocks to a much greater eMent than 

at present* This will be necessary in order to minimise the intercojmections 

between functional blocks and the number of leads that must be ' 

brought out from each functional unit. 

The solid state electronic and magnetic portions of large digital 
systems are more amenable to batch fabrication and hence will 
benefit from new technologies to a much greater es:tent. This includes 
eentral processors, internal memories* solid-state on«'line au:Eiliary 
memoriesa and the digital loglc» control, and storage portions of 
displays and input/ output equipment* The portions of displays^ 
input/ output equipments* and mass memories that will require high 
voltage^ high power, photographic equipment, optical equipment^, or 
electromechanical equipment will continue to present major problems 
with respect to cost« size, weight, maintainability^ and reliability* 
Heneea a serious system Imbalance will result unless solid-state 
eleetronie or magnetic replacements are developed for present types 
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of displays (visual transducers^ mass memoHes, and input/ output 
eqiiip-menlB, 

The impact of new technologies on Naval tactical systems hj the 
earlj 197 0*s ¥/lU b® profound* Even if no performance or appli- 
cation requireanents e^st for the development of new systems^ 
the significant improirements that new technologies will malce 
possible in size^ wei^t^, reliability, and maintainability will 
justify the deTelopment of a new generation of tactical data systems* 

The efficient utilisation of batch- fabrication technologies will 
require a sigrjificaat increase in the fnnctional sise and comple^sity 
of replaceable or throw^aisnay units. Although the cost per component 
or per circtiit will be only a fraction of present costs^ tlie batch 
fabrieation and interconnection of large arirays of circuits in a 
single i^ctege will probably cause an increase in the total cost of 
an individiml package. If maximum advantage is to be taken of the 
capabillti©£S of batch fabrication for small sise, low cost^ and high 
reliability^ it will not be feasible to make repairs in a packaged 
unit on shipboard^ and probably not at a state- side repair depot. 
Hence to realise the full potential of batch fabrication techniques 
\¥ill require increasing the functional siae, complessityj, and cost 
limits presently established for throw-away units. Any increase 
in the cost of the unit will be offset to a large es:tent hj the increased 
reliability and hence lower failure rates. 

Increasing the funetional else and complexity of the throw-ai^y miit 

offers major advantages from the standpoint of maintainability <, 

The -t^'aining and skill levels required for maintenance technicians and 

the number of maintenance technicians require on ^ipboard will 
be reduced^ supply and logistics problems m^ll be reduced^ fault 

isolation will be simplified^ and down time will be minimis ed« 
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If ihe complete central processor is packaged m a total of 10 or 
15 packages^, mamtei^ance will consist of losating the fault in one 
out of 10 or 15 units aad replacing the unit. The fault locatioji can 
be accomplished primarily by diagaostio programs. With sigmficantly 
higher MTBF*s, even this type of maiiitenance will be required very 
mfrequeiitiy. It is reasonable to expect that some time during the 
1970 to 1980 period a eomplete central processor will beeome a 
replaceable unit, A multi- computer system concept based on the 
use of identical small modular computers may facilitate this. 
In the 1975 to 1985 period such small modular computers may e¥6B 
become throw«Eway units. 

To make these improvements in maintaiaability possible, changes 

in maiateaianee eoneepts aad attitudes on the part of Havy syetema 
planEerSa budgeter®^ and users will be necessary, A mairitamability 
concept for future systems should be hB,Bed on very large functional 

throw^^away imits and no shipboard repair exeept for aay electro** 
meehaiiical equipment that may still be ueeessarya 

By WIQ logical eirotiits are expected to be available in large inter- 
eoaaected circuit arrays costing S to 5^ per Gxreuit and capable of 
providing speeds in the order of , 5 to 10 nrniQBeconds propagation 
delays and 10 to §0 megacycle eloek rates* Main iiVtemal mem^ories 
are esspected to be available eostiiig between I to 3^ per bit and pro¥idiii| 
read/ write cycle times ia the order of 0» "5 to Z microseeonds with 
aapscltles in the order of 100, 000 words, Ifarge- screen dyimmie 
displays tliat do not depend upon electromechanical, photographic;, 
or optical projection systems will be feasible along with flat?^paael 
console type displays that are completely compatible with batch- 
fabrieated solid-state, eleetronics* 



New types of input/ output equipment and solid state replacements for 
some conventional types of input/ output equipment will be feasible, but 
input/ output equipment and large capacity mass memories will 
represent the major problem areas in future tactical systems with 
respect to size* weight, cost, reliability, and maintainability. At 
present the best approach to overcoming these input/ output problems 
seems to lie in developing system techniques that minimize the need 
for this tjpe of equipment. Unless esstensive additional research and 
detrelopment efforts are initiated in input /output equipment and large 
capacity mass memories, these devices will be the limiting factors in 
the capability and performance of future systems. 

Major problem areas in 1970 to 1980 tactical data systems from the 
standpoint of hardware technology will be Cin order of difficulty) s 

1, Input /output equipment 

2« Veiy large capacity auxiliary storage 

So Large screen displays 

4. Concepts and philosophies for maintenance of batch- 
fabricated equipment. 

If ei¥ hsrd^is^re technologies discussed in this report will have a 
significant impact on future Naval tactical systemSo This impact will 
be reflected not only in lower cost and increased performance capability^ 
hut also in reduced sise and weight and increased reliability and maintain** 
ability, Eeductlons in the order of 25;1 in the sise and weight of certain 
parls of the system, such as the central processor, are anticipated. 
For the over-all data handling and display portions of typical NTDS 
installations^ new technologies feasible for use in 1970 will permit 
reductions of approximately 2/3 in the siae, weight, and power require-* 
ments. Implications of these reductions, pa3?ticularly for small ehips^ 
are clear. The accompanying reductions in system down time ^.nd 
maintenance personnel make it imperative that the Hayy plan to t^k^l 
advantage of these new hardware technologies at the earliest possible time. 



2* IWiFACT OF NEW TECHNOLOGIES OH MAINTAINABILITY 

2, 1 GSNEBAL 

Oae |>hase of this study deals with the effect oi new technologies 
on tactical military systems and the ways in whieh these 
tesshnologies can be utiliased to improve maisataiiaabiUty. The 
term maintainability is used here in the broad sense to include 
all aspects of field maintenance - repair time and repair eosts^ 
parts usage^ parts inventory^ logistles^ test equipment, replaee- 
ment costs^ personnel, training, etc. Training and maintexianse 
personnel Csalary, food;» and other support costs on station^ 
dependeaee allowances^ etc. ) represent the major mainteaaace 
eosts> Heaee* in the maintainability study^ major emphasis has 
been placed on factors that reduce the time required for 
malntesaifiee^ the skill level required for the maintensnee 
teehnlclao^ and the number of maintenanee technicians required. 

Hew technologies proiriding solid state electronic and magjrietic 
components fabricated and interconnected hf batch fabrication 
techniques offer the potential for truly significant ImprovemeEits 
in reliability and maintainability* Heliability and maintainability 
of electromechanical peripheral equipment, such as mass 
memories and input/ out put equipment^ will improve but only in 
an e¥olutionary manner. The improvements that can he achieved 
economically in this type of' equipment are limited. Hence^ this 
study of maintainability hae dealt primarily with impro¥ements 
that ©an be obtained in those portions of the system that can utilize 
solid"-state electronic and magnetic components. 

From the maintainability standpoint^ the major impruFements 



that can be achieved in electromechanical peripheral equipment 
will be achieved by minimizing the need for this type of 
equipment and by finding solid-state electronic or magnetic 
replacements wherever possible. These questicms are 
considered in greater detail in the memory, input/ output, and 
display portions of the hardware technology part of this Btisdy. 

It is in computers and central processors^ digital logic, digital 
storage, and low level linear and video amplifiers in peripheral 
equipments; and solid-state on-line auxiliary storage that truly 
significant maintainability improvements can be achieved If new 
technologies that will be available by the early 1970' s are 
properly utilized. 



intainability considerations alone may justify the development 
of a new generation of tactical data systems. This study team. 
believes the improved maintainability and reliability* coupled 
with reductions in siae> weight, and power requirements ¥/hich 
are discussed later, will necessitate the development of systems 
utilising these new technologies even If performance requirements 
for new systems did not exist. 

Hew concepts are needed to achieve the maximum ii]aprov@m.ent 
in maintainability commensurate with other system requirements 
such as performance, cost» size and weight, availability, ete„ 
New attitudes and thought patterns are need^ in considering 
equipment design and pad<agiQg» repair and iixventory costSo and 
maintenance procedures and techniques. 

Two specific examples of essential changes in attitudes and concepts 
illustrate this. One is the need for increasing the cost limit for 
throw-away units (presently in the order of $100) by a factor of 

several times (possibly over an order of magnitude). Another is 
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the possible elimmation of all shipboard repair tor certain types 
of equipments* These changes in attitudes and concepts will be 
made possible hy sigaificsmt increases in reliability <i. e. reduced 
mean-time-betweaa'-ltailure) and significant reductions in the cost 
per element of th© hardware involved. 

A larger mon- repairable unit is also required by the functional 
organisation and interconnection and packaging techniques 
neeessary to fully realize the reliabiUty* cost, and size aad 
¥/elght poteatials offered by new batch-fabrication technologies. 

Hence^ some of the same changes in attitudes and concepts iseeded 
from the maintainability standpoint are also necessary to permit 
full realization of the advantages of batch fabrication^ 

Sinee eost« reliabilityj and maintainability considerations for 
batch fabricated units all favor a large feinctional throw-a^/a^y unit^ 
a difficult problem is raised with respect to fXesibllitj. A 
particular large functional unit may be used In only one place 
in a computer. This creates a problem from both the manufacturing 
and spares standpoints. . If a throw-away unit is a single flipflopjs 
as has been the cas© in the past, a large number of these can be 
manufactured and an individual one can be used in any one of a 
large number of places in the computer. However, if the throw- 
away unit is a complete parallel adder, only one may be used in 
the entire computer. 

One possible approach that looks attractive is the use of a mnUi- 
computer system In which each individual computer is relatively 
small. This wonld permit a higher volume of production for each 
type of unit and would permit the possibility of carrying a spax^e 
computer to turther lacllitate easy and rapid maintenance. It 
may be desirable to design all types of shipboard systems^ 
including data handling systems^ weapons systems^ and sensors * 
to utilise identical small computers with the number of these in 



each system being tailored to the requirements of the system. 
If the cost of logical components and storage drop as much as is 
anticipated J it may be relatively unimportant that one of these 

standard computers is less efficient in a particular system than 
a computer designed specifically for that system. 

With the level of effort provided in this study, a maintainability 
investigation and analysis cannot be conducted in the depth of 
previous maintainability studies such as those of the Polaris 
program or other major Navy weapons program,©^ nor can this 
study delve as deeply into maintainability techniques, procedures^, 
and data as the PACED program at NASL. Maintainability 
investigations of that magnitude require many tens, if not 
hundreds^ of m&xL years of effort. Fortunately, for the purposes 
of this study that level of effort and amount of detail are not 
necessary since a specific system and specific designs are not 
under consideration. 

For a research study pointed toward the application of new technologies 
in 1970 to 1980 era tactical data systems, the important tasks are to 
determ.iuG relationships, guide lines, and criteria and to develop 
concepts for the utilii&ation of these new technologies to achieve 
improvements in maintainability. The important results of this 
study will lie in the development of conceptual approaches to 
improved miaintainability through the proper use of new teshriologies„ 
It will call attention to and emphasiae the ne^d for new attitudes 
and thought patterns with respect to systemi desigRa packaging^ 
and maintainability. 

This study \Jill develop criteria for determining the cost and 
functional siae of throw-^away units, will indicate the changes in 
maintainability concepts and attitudes necessary on the part of 

Mavy personnel (systems planners, budgeters, and users)^ and 

will provide guidelines for Navy planners in utilizing new teehriologies 

to achieve improved maintainability* 
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2. 2 STATUS TO BATE AND PLANS FOE REMAINDER OF STUDY 
Batch'-fabrleatloG techniques suitable for the fabrication of central 
l>rocessors and storage are emphasissed in the components and 
packaging &ud memoary investigations in the hardware teshnolog^'' 
phase of this study. Since these fabrication techniques are 
essential to significant cost reductions and reliability improvemeatSa 
they are also given Jiiajor emphasis in this study of maintainability. 
Xn general^ the higher the degree of batch fabrication^, the lower 
the cost per function and the higher the reliability - hence^ improved 
maintainability. Lower component costs will permit larger 
functional throw-away units which in turn will facilitate fault 
isolation and minimize repair time. Higher reliability will 
facilitate maintainability by reducing the number of failures and 
the number of repairs necessary and by permitting a further 
increase in the size of the throw-away unit. 

Major consideration is being given to batch- fabrication techniques for^ 
Logic circuits 
Low level amplifiers 
Memories 
Interconnections 
Packaging 

Packaging techniques are directly related to the consideration of 
batch- fabrication techniques. Hence, detailed consideration is 
being given also to the criteria for selecting the sise and configuration 
of throw-away units and the functional grouping w ithin a throw-away 
unit. The effect of batch fabrication* reliabilitya redundancy, 

packaging techniques^ and functional organiisation on the major 
elements of maintainability are being considered^ 

Present concepts, approaches, and problems in maintainability 
have been discussed with many Navy personneL Attempts to obtain 
information on present maintenance costs have met with only partial 
success. 



These mvestlgatione and analyses will be continued in the remainder 
of the study, Eeliability will foe considered from both the component 
and the system le;vel« The effect of different levels of redundancy 
will be considered including: 

No redundancy 

Component level 

Circuit level 

Function level 

Equipment level 

System level 

The relationships of packaging techniques and functional organization 
to diagnostic programming, fault isolation^ and self test and the 
effects on tactical systems of improved maintainability that can 
result from new technologies will be considered. Changes in 
concepts and attitudes towards maintainability will be recommended 
where these are necessary to effectively utilize new technologies 
from the maintainability standpoint. 

The effects of new technologies on maintainabiUly are being investigated 
by discussions with technical experts working in these areas of 
technology and with ones working on maintainability problems, by a 
study of the applicable literature, and by evaluation of the information 
concerning the different technologies in relation to maintainability 
problems in future Naval tactical systems* This portion of the 
study is closely related to that dealing with new batch-fabrication 
technologies and is being closely coordinated with those investigations 
and evalimtions* 
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2,3 TECHNICAJL DISCUSSION 
2<, So I Elements of Ma mtainsibllity 

In considering the Isroad question of maintainability several different 
elements of the maintenance problem should be considered Individually^ 
These elements are not all affected in the same way by different 
approaches to maintainability or by changes in component or 
packaging technology, A technology change that may be advantageous 
iTlth respect to one element of maintainability may be a disadvantage 
¥/ith respect to another. 



The elements of maintainability include: 



Maintenance cost 

Spares inventory costs 
Logistics or supply costs 
Replacement part costs 

Eepair costs 

Personnel costs 
Eeliability and failure rate 
Equipment 4owa time 
System availability 
Fault locatxoB time 



'Repair time 

Personnel tTaming B,nd skill level f3 
Number of maintenance persoranel 
Spares inventory quantity 
Personnel availability 
Spares availabllily 
Spares commonalitjr 
'Frequency of spare parts usage 
Test equipment requirements 
Diagnostic programming requirements 



These elements are all inter-related and, unfartuuBtelj^ sometimes 
affect one another adversely. For emmple^, increasing the f mxctioiiai 
slE® of a throw^away unit may reduce fault isolation tim-e^ -maintenance 
time, down time* '^n^ personnel training requirements j bnt it rxmy^'. 
on the other hand^ increase the spares inventor cost and r^uce the 
commonality. Hence in considering the effects of new technologies 
on maintainafoility one must be careful not to achieve improvements 
in some 'of the elements in maintainability at the expense of excessive 
costs or severe disadvantages in other elements* This leads to the 
necessity for making a careful trade-olf analysis when conflicting 
effects are created by a change in maintenance concepts or equipment 
technology.. 
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Although the effects on different elements of mainteinability ha^e 
been eonsidersd at all phases of the study-, they are discussed in 
this report only where a significant acJvantage or disadFaatage 
eslstSo This is illustrated in subsequent parts of this section hy 
ihe consideration given to the effects of batch fabrication and larger 
throw-away unit packages and the resulting trade-offs that must he 
evaluated, 

2o So Z Hew^eehnplogie s that wiU _^Innttence_Mamtein^ 

lai the technology sections of this report new technologies are 

analysed and evaluated for components and packaging teehniqueSj^ 

memories^ displays, and input/ output equipment. In the discussions 

of these different areas and individual technologies v/ithin each area,, 

Improvemeats in costs and reliability as well as performance are 

considered. 

These new technologies will influence maintainability in two primary 



L Increased reliability and reduced ^ilure rates will reduce 
the maintenance effort required and will permit Increases in 
the costs of throw-away units. If the failure rate becomes low 
enough it will reduce the number of techniciaiis required and 
may eliminate requirements for stocking certain units as 
spares on shipboard. 

2o Liower cost'Conciponents and the lower costs of batch-fabricated 
interconnection techniques will permit a significant increase in 
the functional siae of a throw-away unit. This will in turn facilitate 
fault isolation and reduce the training requirements and the number 
of maintenance personnel required. At the same time^ efficient 
utilisation of batch-fc^rication techniques in Interconnections and 
packaging will necessitate larger throw-away units. Hence the 
achievement of cost and performance potentials^ as well as 



maintaiimbility improvemeEtSj, depends upon significantly 
increasing the siae of the throw-^away unit. Fortunately, 
components and interconnection costs and improved reliability 
and reduced failure rates will permit such increases in the 
functional sise of a throw-away unit. 

The new technologies that will influenee maintainability most 
significantly are those that are suitable for batch fabrication^ 
that reduce the cost per eomponent Cor circuity mater ially^ and 
that significantly increase reliability. Such technologies that 
appear both promising and feasible include: 
Components and Packaging 

Monolithic integrated circuits 

Hybrid monolithic/ thin-film integrated circuits 

Metal«oxide-®emiconductor (MOS) integrated circuits 
Memories 

Integrated circuit arrays 

MOS arrays 

Planar magnetic thin-film arrays 

Plated wire arrays 

Permalloy sheet toroid arrays 
Displays 

Opto- magnetic displays 

Crossed^^rid electroluminescent displays with integjra^ted storage 

Injection electroluminescence matrix displays 
Although not adaptable to batch fabrication techniques^ pliotochromic 
displays^ thermoplastic and photoplastic light valves, laser displays, 
and solid-state light valves offer promise for maintainability 
improvements from the standpoint of both cost and reliability* 

Some reliability improvements in electromechanical input/ output 

equipment and mass memories are anticipated;, but the major hope 

for significant improvements in maintainability for peripheral 
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equipment lies in minimizing the need for equipment of this type 
and in finding replacements for some of the conventional types 
of equipments. The replacement of punched paper tapes by 
incremental magnetic tapes discussed in the input/ output technology 
section will improve maintainability by increasing reliability. 
Solid-state mass memories discussed in the memory technology 
section will improve the maintainability and reliability of the system 
by serving as replacements for electromechanical mass memories 
and for some of the "input/ output" functions performed hy magnetic 
tape units in present systems. 

The major improvements in maintainability will occur in the central 
processor^ internal memory, and solid-state on-line auxiliary 
memories* However* the technologies and batch-fabrication techniques 
used kk central processors and internal memories will also be 

applicabl® to portions of other equipment where similar functions are 
required and similar techniques are applicable. This includes the 
logic, control, and storage functions in display consoles and input/ 
output equipments such as magnetic tape units* By 1070 low-leyel 
linear circuits* such as deflection amplifiers and video amplifiers 
in CET displays* can be implemented with integrated circuit 
techniques* High power or high voltage circuits, such as the filial 
stages of the deflection drivers in CET displays* are mere questlooable 
but not completely hopeless within the time frame covered hj this 
study. Communication equipments are not within the scope of this 
study^ but power amplifiers in transmitters will probably represent 
a, problem area. 

In computer and data handling systems^ the major areas where 

significant improvements in maintainability do not appear likely are 
in veij large capacity auxiliary storage and input/ output equipmento 

The best approach in these areas from the systems standpoint is to 
minimise the need for equipments of this type^ There is also some 



16 



question as to whether significant improvements in maintaiiiability 
can be achlev'ed in the viewing portions <i. e,* the visual transducer) 
of displays - particularly large«screea displays. However, several 
potential display technologies* such as opto- magnetic panels and 
injection eleetrolumiaescence matrices, may permit significant 
improvements in maintainability for console displays, and possibly 
for large«3creen displays^ 

2. 3« 3 Effect of Batch Fabrication on Pacl^ging Concepts and Techniques 
The importance of batch fabrication in future systems design has 
been emphasised in both the maintainability and technology portions 
of this study. Batch fabrication is the key to lower costs^ higher 
reliability, and reduced size and weight. However^, effective 
utilisation of batch fiabrieation technologies will require major 
changes in packaging concepts and techniques. 

2. 3» So I Batch Fabrication and Interconnection Consideratione 



The packaging section of the AHTACCS Final Report discussed 
eight levels of packaging and interconnections in systems using 



h Packaging and interconnection of the elements of each 
integrated circuit on a silicon chip. 

2, Interconnection of separate circuits lubricated on the 
same silicon chip, 

3, Intei'connection between circuits on separate silicon 
chips that are packaged in the same module. 

4, Interconnections between ihis silicon chips and the 
eternal leads of the package. 

5. , Interconnections between modules on a replaceable unit 
such as a printed circuit board. 
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6« Interconnections between replaceable packages in 
a modular subtmit or a small equipment, 

7. Interconnections between modular subunits in a unit 
of equipment. 

8. Intereonneotions between separate pieces of equipment 
in a system. 

The first and second level of interconnections are made in the 
initial processing of tbe silicon chip, although they may be made 
with separate masks and in separate vacuum deposition operations^ 
To achieve the potential for improvements in both cost and 

reliability offered by batph fabrication^ it will be necessary to 
continually strive to fabricate larger and larger arrays of 
interconnected circuits on the same silicon chip* Hence^ emphasis 
will be placed on increasing interconnections at the second level 
and minimiaiog interconnections at higher levels « particularly at 
the fifth* sixth* and seventh levels which represent major elements 
of cost and lesser reliabill^. In fact, it is hoped that eventually a 
sufficiently large functional throwaway unit can be used UiM, the 
fifth and seventh levels can be completely eliminated. In that ease^ 
the throw-away unit would consist of large arrays of integrated 
circuits on a limited number of silicon chips Cfirst and second levels) that 
are interconnected by a wiring pattern on a substrate (third level) 
which also provides termination points for connecting to the c:^ernal 
leads of the package Cfourth level). Packages of this t^pe would foe 
either plugged or wired into the equipment containing the inter- 
connections between the sockets or connectors Csixth lev®l)» These 
equipments would then be Interconnected by cables to form the 
system leighth level). 

Ab semiconductor and batch fabrication techniques advance^ the 
major limitation on the siae of the functional unit Cother than cost) 



will foe the number of esstemal leads that can be provided on a 
package. Although packages with larger numbers of leads (in the 
order of 40 to 100) are being developed^ additional research in 
machine organisation is urgently needed to develop functional 
organisational concepts that will maximise the interconnections 
within a replaceable package and minimise the interconnections 
between packages. The way in which the computer is divided into 
functional modules can greatly increase or decrease the number of 
connections needed between such modules. 

It will be necessary to use different criteria for design efficiency 
in batch ^bricated ^stems« In the past^ miniinisiing the number 
of logical elements has been a major goal of most logical design 
efforts^ In future systems, it may be necessary to utilise logical 
elements inefficiently in order to minimise the number of inter* 
connections needed between functional modules. For essampleg 
frequently in previous computers a given gate or flip-flop has 
supplied inputs to a number of logical elements in different 
parts of the machine; while in future systems the logical gate or 
flip-flop may foe duplicat^^ naany times in different parts of the 
system to avoid the necessity for tmnsfei^ing the sigjsal from one 
module to another* Emphasis must be placed on redtie ing the 
number of packages and the number of interconnections between 
packages -» even at the expense of increasing the logical complexity 
of each package algnificsuitly. 

From the standpoint of cost and maintainability future systems 
should use large integrated circuit arrays (either monolithic or MOS) 
on single chips of silicon with these chips then interconnected hj a 
vacuum deposited thln-^fllm interconnect pattern on a substrate 
Ce» g» the HAFI thin-film circuit techniques)* Thin-film resistors 
and eapaeitors can be fabricated on the Inteii^onnection substrate 
where high precision or large values are needed. This unit ¥/ould 
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then become the replaceable or throw-*away unit. The marriage 
of silicon integrated circuit techniques with thin-film fabrication 
techniques will combine the best advantages of both while maximising 
the interconnections that can be made internally in the package. 
The importance of additional research efforts in computer design 
and machine organisation to provide more highly Sus^tional 
organisations that will minimis&e interconnections between functional 
modules must be emphasiaied in order to take ad^/antage of the 
potential offered by the combination of integrated circuit and thin- 
film connection technologies, 

2^ 3* 3. 2 Factors Influencing ^e Determination of Throw«Aw^ Unit Size 

nr i II I r II I. M iiii m n m i»i»iiiiiin ■ i n i ■ ■ iiiin ' i -i-nin i i 'i n ii " i -^nur 

In establishing packaging trade-off criteria it is necessary to consider 
the effect on the initial cost of the system and on the major elements 
of maintainability. All of these factors except spares inventory 
CQSt» replacement part cost^ and spares commonality favor a 
*^ery large throw*»a\iray unit (large in the sense of ^oiiaplezitja ^ot 
sisse) with shipboard and field repairs limited to the replacexxis nt of 
these large units« When replaced these units would usually be 
thrown away^ but in certain special cases they might be returned 
to a state- side depot for repair* 

The failure r&ie and the imrentory cost of these large throw-^away 
units will be sufficiently small, relatiire to present day failure rates 
and costs* to justiQr a quite large throwaway unit in preference to 
smaller ones» Although 1 1 is emotionally difficult to accept the idea 
of throwing away a $2000 subunit in which only one component has 
failed, this can be justified if such failures occur infrequently Ce» g» 
less than once per year) and if the use of throw-ai^ay units of this 
sise can eliminate the ne^ for one or more technicians on shipboards 

In batch-'fabrication technologies the selection of a throw-away unit 
si^e involves many inteir- related factors^, hut m general tlie larger 
the throw-away unit size <in terms of comples:ity| the higher the 
reliability 3 the smaller the siae, and the lower the cost of the fuBCtion 

20 



accomplished hy the throw-away unit. Anythtig that is done in a 
large ituaetional unit to make components, circuits* or subfunctions 
within the unit replaceable will tend to decrease the reliability^, 
increase the eize» and increase the o'ver-^all cost. Although there 
will undoubtedly be one or more intermediate steps before this is 
achieved, it is believed that a complete central processor with the 
capability of a USQ20B will likely become a replaceable unit \vithout 
repair capability on shipboard, and possibly even a throw-away 
unit* However, it is too early to predict whether the cost and the 
mean-tlme-between-failure will be sufficiently low to permit 
discarding the unit or whether state-side repair will be required. 

The need for a larger throw-away unit can be shown by listing 
some of the considerations that fa^or large throw«*away units and 
some that favor small ones^ 

Considerations favoring large throw-away unitss 

h With proper functional organissation of the maehine^, large 
throw-away units minimise the number of interconnections 
required from package to package in the system. These 
interconnections Cei^ernal to the pacikage) are not as amenable 
to batch fabrication as those within the package and hence tend 
to be more ©sipensive and less reliable. Since bateh-*fabricated 
interconnections can be mor^ closely controlled and can be 
made very cheaply, a larger functional unit tends to improve 
reliability and reduce cost* 

2o Making more of the interconnections within the package permits 
a smaller sm^ and shorter lead lengths between circuits in a 
given logical function* This tends to permit higher speeds - 
particularly where a large multi-circuit array is fabricated in 
a single chip with interconnections deposited on the chip. 
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3. Although large throw-away units may increase the number of 
different types of spares carried in inventory, they will significantly 
reduce the total number of items carried in spares. 

4« Since packaging costs are a significant part of the cost of 
completed circuits^ the larger the number of circuits in a 
single package the lower the initial cost« . Continuing improvements 
in integrated circuitary technology will permit larger and larger 
arrays of circuits to be fabricated and interconnected in a single 
silicon chip» Intereonnection of a number of these chips by 
printed or deposited wiring on a substrate will permit an even 
larger intes^onneoted logical function in a single packaga« 

5« Up to a certain points the limit in putting more circuits in 
a package is imposed by the number of leads that can be brought 
out of the package. The ratio of eztemal leads required to 
the number of circuits in the paclsage is relatively high for smaller 
package sizes because of the connections that must be made to 
other lockages* However^ if the throwaway unit sis© Is increased 
to the point that complete nmjor logical functions can be contained 
in a sin^e package^ the total number of external connections in 
the system ^xid the ratio of leads from the package to the number 
of circuits in the package are significantly reduced. For easample^ 
if a complete binary adder with associated registers is packaged 
in a single unit» the number of external leads required in relation 
to the number of circuits in the package would be quite small« A 
striking e3SB.mple of this is the use of several Ce. g» 16 or dZ) one 
word registers interconnected and addressed in a matrix fashion 
in a single unit compared to the packaging of individual one word 
registers with esctemal interconnections to eacli. 

6« The larger the throw-away unit the easier it is to isolate 

faults to a particular unit« For esamplej, if the computer or central 

processor is a throw»away unit in the extreme case^ it would be 
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relatively easy for k teahniolaxi with minimum training to 
determine that the fanlt is in the computer with the aid of a 
simple diagnostic program. It is progressively more difficult 
for the maintenance technician to determine that the fault is in 
the arithmetic unit, in a particular register^ in a particular 
flip-^Hop circuity or in a particular diode or transistor on the 
other extreme. This is extremely important because it 
affects the training and skill level required of the technician^, 
the repair time^ the number of technicians required^ and^ 
perhaps even more important^ the down time and availability 
of the system* 

7, Easier f^ult isolation also reduces the length and complexity 
of the diagnostic programs required in the computer for 
automatic l^ult isolation, A diagnostic program to determine 
that the ^ult is in the arithmetic unit is considerable shorter 
than one required to indicate that the fault is in the third bit 
position of the adder, 

8» Easier £etult isolation and minimissation of repairs xsxBde on 
shipboard as a result of large throw-away units tend to elimiii^te 
the n@^ for special test equipment and check^'out equipments 
For e:sample, if a throw-away unit is a printed circuit bcmrd 
containing a single Hip-flop or a few gates^^ it is usually necessary 
to have a board tester capable of determining whether a replaced 
board is in fact malfunctioning. It should be noted also that this tends 
to encourage a sloppy form of maintenance which has unfortunate 
results on maintainability - the Indiscriminate replacing of boards 
until one is found that starts the system working again« If a 
replaced board is to be repaired on shipboard, the test equipment 
must be even more complex. 
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Considerations lavoriqg small throw-awayuaitss 
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L The smaller the sise of the throw-away unit» the greater 
the commonality and the ability to utilize one spare sirut to 
replace any one of a large number of units in the system, 
A printed «^iyeuit isaard containing a single flip*flop is a good 
ea:ample of a small unit Mth high commonality. 

2. The higher commonaliiy for small units also reduces the 
cost of spares imrentory. This is certainly true if the cost 

per circuit is the same in a large functional unit as in a small one« 
However^ it may not be true if a larger throW"»aw®y unit permits 
a significant reduction in the cost of a circuit <e, g. a flip-flop) 
compared to the cost of that same circuit as a single throw'-away 
unit. It a complete computer using large throw«away units 
costs as much as an equivalent computer using small throwaway 
units, the cost of spares inirentory required for the one using 
small units will be considerafc^ly less** On the otiB r hand^ since 
batch fabrication of large throw-away units should significantly 
reduce the total cost of the computer, the cost of the spares 
tnirentory may be less than for an equivalent system utilising 
small throw-away units, 

3, With manufacturing and fabrication techniques used to date^ a 
small throw-sway unit offers manufacturing economies - again 
due to commonality* A much larger production run of flip-flop 
boards can be made if the same flip-flop is u&Bd in a large 
number of places in each computer. On the other hand, if each 
replaceable or throw-away unit in a system is unique* the 
production volume of each unit would be limited to the number of 
computers* However^ for some of the newer batch fabrication 
technologies being developed^ this may not be a significant 
factor.. This is aiustrated hj the possibility of making variable 
interconnect masks under computer control« 
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4» If replaceable units are to be repairable instead of throw->away, 
small units permit greater standardization^ This facilitates the 
technicians ability to repair the units* 

5, The lower cost of the small throw*away unit is a significant 
factor if the usage rate is high • i. e« » if the reliability is low and 
the failure rate hi^ However, the low failure rates anticipated 
for batch-fabricated circuits minimize the importance of the 
cost of the unit in relation to other considerations* 

60 A small throw-aTsray unit gives greater flexibility in the 
organisation and layout of the logic of the systemo Additional 
research in machine organization for batch-fabricated systems is 
n<3ed.edto overcome this disadvantage of large throw-away units* 

large non* repairable throw-away uniti^large in the sense of function 
or complexity rather than physical size and cost) containing complete 
major functional parts of the computer will improve reliability^ 
simplify fault isolation, reduce down time, reduce the number of 
technicians required and their training and skill level s^ permit higher 
speed operation, reduce logistics and repair costs* and imprc^re the 
performance and availability of the system. On the negative side 
th^se larger units msiy increase the mmher of different types of spares 
r^quiredij the parts, ^cost of replacing a failed unitp and perhaps th^ 
total inventory costSo The initial procurement cost of a system using 
a large throw-^away unit will be less if adequate fabrication techniques 
Ce» g« 9 the fsUaricatlon of interconnection ma^s under computer control) 
for speoiali2;ed units are developed* 



2, 3p 4 Throw Away Unit Cost and Maintenance Personnel Cost 
TradS'-'Offs in rutuiPe Systems 
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In a new procurement initiated recently, the nest AN/USQ«gOB eomputen 

purchased will cost appro:simateiy llSiSj, 000 p®r computer^ By the early 
IBlQs integrated circuit and other batch M^rieation technologies will 
reduce the @ost of computers with equivalent capability to $11 S^ 000 or 



25 



less* This cost reduction wiil be accompanied by a sigaifieaat 
reduction in size and increase in reliability. However, these 

improvements in cost^ siae, and reliability cannot be fully 

realiz^ed without changing maintainability concepts and attitudes 

to permit much larger functional throw-away units. For e2®.mple, the 

$25« 000 centx^l processor predicted above mi^t be packaged in 

10 to 15 non-* repairable units each costing between $1500 and $3000« 

The reliability of electronics Is expected to improve by two orders of 

magnitude with the rapid development of integrated circuit technologies. 

Hence, this increase in the cost of the throw-away unit could probably 

be justified on the basis of reduced usage resulting from higher 

reliability^ Logistics costs would be reduced also as a result of 

reducing the number of items Imndled through the logistics system. 

The higher cost of the larger throw-away unit can certelnly foe 

justified in terms of fewer technicians required on station and 

reductions in their required taraining and skill levels^ . The elimination 

of one technician alone would pay for the cost of the complete computer^ 

and hence a complete set of spare unitd« in one year. 

On an NTDS ship visited by the study team, it was estimated that 
10 of the 3S technicians in the KTDS section were devoted to the 
maintenance of the computers, their internal memories^ and the 
limited amount of input/ output equipment in the system^ It is 
reasonable to believe that reducing the repair task to that of locating 
and replacing one of ten or fifteen major units comprising the computer 
would eliminate at least one technician^ Xn £act« assuming that half 
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of these ten technicians are required by the peripheral equipment 
arid half by the computers and internal memories, as maoy as four 
of the five technicians concerned with the computers and memories 
might be eliminated. With very significant reductions in failure 
rates and fault isolation time and with repairs reduced to merely 
replacing one of fifteen units» a single technician could easily 
maintain four computers includiug the central processors and 
internal memories. 

The predictions and extrapolations from present technology made 
above may seem far out and perhaps unrealistic. However^ based 
on the investigations and analyses of this study m$d lengthy discussions 
with integrated circuit* semiconductor, and batch^fabrication memory 
experts^ these prognostications are believed to be conservative* In 
the early I970*s the three USQ20B computers and their internal 
memories^, two magnetic tape units (four tape transports)^ punched 
paper tape reader, teletype printer and punch, and several large 
banks of mechanical interconnection switches in a typical NTDS 
installation can be replaced with three small batch fabricated 
computers and internal memories including internal electronic 
switching and ^ting» a large capacity solid- state random access 
mass mamo3^« one magnetic tape unit (two tape transports)^ and a 
keyboard*-printer unit with an associated incremaiital magnetic 
tape recorder. The keyboard printer unit may be a non*»mechanical 
keyboard and non«impact printer with no moving parts except for 
l^per feed, At the m.ost, three maintensmee technicians would be 
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required for- this coi3:^lete computer system compared to 
approximately tea at present. The savings from elimination of 
seven technicians would exceed the cast of the c omputer system in 
two years, , : 

From the maintenance standpoiat^ the HTDS system on the ship 
visited by the study team was divided into three major areas •* the 
coxapnter system, the display/ input eoasoleSj^ and the commuaieations 
termnialSo The discussion above has dealt exclusively w-th the 
computer system where the greatest gains in maintainability can 
be achieved through the use of new technologies. However^ the 
same considerations and reasonings apply to portions of the display/ 
input consoles and the communioations terminals* B'or example^ 
the analyses presented above are equally applicable to the digital 
control logic and storage in the display/ i^put consoles. Hence* 
the proper utilisation of new technologies will permit mairitainability 
impror^s'ements in these other two ar^is also but to a lesser essterri; 
than in the computer system since major portions of the eqnipim nts 
in these areas are not as readily amenable to batch fabrication 
technologies in the near future. 

It is important to point out that these dliscaa^lons of 

iiTJnrnved wsnit.a inability S'.re vb.IM only if we assume th<^ 

design of a net^-generation system utxlxaing these nev^ techaologies^ 

The faet that these capabilities and improvements will be possible 

in the early 1970*sdoes not assure that they will he achieveC This 

depends on factors such as the willingness to obsolete and replace 

present equipment and the willingness of Navy systems plamsers^ 

budgeters* and users to adopt the radically different attitudes 

toward maintenance procedures and costs called for hj the maintain** 

ability concept "advocated here. This maintainability concept is 

based on very large functional throw*»away units and no shipboard 

,. repair,^ except, for any electromechanical equipment that' may still' 



3. 1 CRITERIA FOR SELECTING TECHNOLOGIES TO BE INVESTIGATED 
Potential uses and advs^tages in future Naval tactical systems are 
the major criteria used in selecting technologies to be investigated in 
this study. Investigation is not considered justified merely because 
a technology is interesting or different. It must fill some need or 
offer some potential advantage to Navy systems planners for 
future tactical data systems. 

The needs of the systems planner are influeneed by both system 
requirements and systems design. The i^stems requirements determine 
functions that must be implemented* and the systems design determines 
the way in which these ftmctions are implemented. Both affect the 
usefulness of a particular technology. Conversely* the characteristics 
of one type of technology compared to those of another type can 
influence the way in which the function is implemented. In fact, the 
availability of a new technology at a low cost and high reliability can 
make it feasible to implement functions that were not previously 
Justifia^ble on a cost^ effectiveness basis* thus changing the analysis of 
systems requirements. 

After a requirements analysis and systems design based on those 
requirements have been completed* it is relatively easy to limit the 
scope of an investigation of technologies for implementing the system^ 
However* since requirements analysis and preliminary systems desi^ 
for future Navy and Marine Corps tactical systems are still underway* 
a good deal of judgement is necessary in determining which technologies 
are to be investigated. It is better to investigate a technology that 
may not be used than to overlook one that might offer significant 
advantages to planners of future systems^ but it is necessary to 
limit the number of technologies to be considered in order to concentrate 
on those that offer the greatest potential for future tactical data 
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systems. In order to accomplish this, four specific criteria have 
been applied in selecting technologies for investigation; 

X. Is the technology useful for implementing functions existing 
in the present Naval Tactical Data System or Marine Tactical 
Data System? 

2. Is there some known Navy or Marine Corps operational 
task for which the technology offers potential advantages, even 
thou^ the task may not presently be mechanized or may be 
implemented ia a completely different manner? 

3. Does the technology represent a sufficiently significant advance 
in the state-'of^^the art that systems planners will find a worthwhile 
us© for the technology even though no requirement is known at 
present? 

4. Does the technology offer important potential advantages over 
existing alternative technologies without suffering from any 
decided or overriding disadvantages within the conteM of a 
tactical operating environment? 



Is the technology useful for implementing functions existing in the 
present NTDS or MTDS? 

Since the present operational systems have been designed on the 
basis of earlier analyses of requirements for tactical data system.®^ 
future systems will probably require the same types of hardware 
functions a althougji alternative technologies may be used where they 
offer advantages. For es;ample» console displays are an integral part 
of the present NTDS system; hence^ it is vexy likely that technologies 
for implementing console displays will be required in future tactical 
data systemso This type of justification also implies the need for 
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most tjpes of components and devices used in conventional computer 
systems. For example. Implementing a computer or data processing 
system in accordance with known and foreseeable computer design 
concepts requires logical circuitry and internal storage. 

The four major categories of technologies to be irarestigated - 
coioaponents and packaging technique s« memories^ display s, and 
input/ output * were selected on this basis* This has also served as 
the first criteria in selecting specific technologies to be investigated 
in each of these categories including: 

Components and packaging techniques 

Logical circuits for implementing logic in the central 

processor and in peripheral equipment 
Linear circuits Ce. g memory sense aniplifiers) 
Intereonnecticxa techniques 
Packaging techniques 
Memories 

Registers and high-speed control memories 
Main internal memories 
^n«line auxiliary storage 
Off'^line auxiliary storage 
Displays 

Console displays 
Input/ output equipment 

High speed block serial input 
Low speed incremental serial input 
Keyboard input 
Character printers 
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Is there some jmown Navy or Marine Corps operational task for which 
the new technology offers potential advantages? 

Some technologies not used in the present NTDS or MTDS may offer 
advantages in implementing specific functions in future tactical 
systemSoMf functions or tasks in Navy and Marine Corps tactical 
systems can be identified for which a technology offers potential 
advantages^ this is considered sufficient justification for investigation 
of that technology. Systems planners may or may not decide to use 
the technology in a future tactical data system, but the technology must 
be evaluated in order to provide technical information the system planner 
will need in order to malce that decision^ 

For example^ associative memories that permit addressing stored 
iiiformation by content rather than by physical location uffer some 
adv:antages in track while scan and threat evaluation and weapon 
assignment operations^ A systemi planner must have information about 
associative memories in- order to decide whether those advantages 
Justify the cost of Mn associative memory in contrast to alternate 
approaches such as programming a memojry search in a conventional 
hig|i- speed random access memory. 

Hei|ce^ if a use for a technology ean be identified in which it offers 
potential advantages to a systems planner^ that technology will be 
Investigated in this study. 

The systems planner will then have the necessary information to 
properly evaluate the use of alternate approaches in the design of 
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a future system. Examples of such technologies and brief reasons 
for including them In the investi^tions in this study ares 

Associative memories - potentially useful in several functional 
tasks including track while scan and threat evaluation and weapon 
assignments 

Read only memories » potentially useful for microprogrammed 
Cstored logic) machine organizations^ fixed program storage, 
and storage of data that is changed relatively infrequently 
Ce. g, screen patterns in multi-ship ASW operations), 

Large screen displays - potentially useful for Flag presentations 
and CIC plots. 

Character recognition equipment - potentially useful for reading 
data initially entering the system in printed form„ 

Voice recognition and voice output equipment * potentially useful 
for direct conmiunlcatlon with the computer without the need for 
nianual operations such as keypunching. 

Graphic input equipment - potentially useful for directly entering 
graphical informatl(Hi such a© flight paths and formation and 
maneuver patterns* 

The selection of technologies in this category assumes that the tdle 
of future tactical systems will expand beyond that of anti«air operations 
(the major function of tlie present NTDS and MTDS systems) and 
envisions the possibility of closer integration of tactical <^ta systems 
with weapons systems and sensor systems in the future and the inclusion 
of functions such as intelligence data processing. Only by understanding 
the full range of technologies available can a systems planner adequately 
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determine the capabilities that can be implemented in a future 
taetical system and the alternative methods of accomplishing this. 



Does the technology represent a si^ificant advance in the state^'of -" 
the-art that Will eause ittgbe used for functio ns no t presen tly 



Some new technologies may be developed that advance the state of 
the computer art in a major way. If this occurs, it is very likely 
that desi^ers of future systems will see ways of utilizing the new 
technology to achieve results that are not possible with presait 
kinds of equipment. If such technologies appear^ they should be 
iiwestigated whether a specific requirement can be foreseen or not. 
However^ none of the teiehnologies investigated so far fiall in this 
category. 



Does the tec hnolog y offer im portant potentia l advantage s over ezistin^ 
alternative technologies without suffering from any decided or overriding 
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disadvantages within the contest of a tactical operating environment? 
This criteria is superimposed on the first three. Regardless of 
¥/hether a use essists or is anticipated for a new technology^ there is no 
point in considering it unless there is reason to believe that it may be 
better than existing well established technologies^ For example, 
evaluating a new storage technology would be a waste of time unless it 
has some potential advaix^ges over ma^etic core memories. 

Many technologies have been eliminated from consideration in this study 
because they did not offer sufficient advantages over better established 
approaches. Hence* a good deal of judgement has been exercised in 
limiting the study to those technologies that are useful, applicable to 
tactical environments, and worth^e^ile. Ho attem|>t has been made to 
evaluate in detail every different technique or approach. 
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3„ 2 COMPONENTS AND PACKAGING 
3o 2„ 1 General 

For the past five to seven years discrete component semiconductor 
circuits have dominated the computer data processing field as logic 
components, A number of alternatives to transistor and diode electronic 
circuitry have been proposed but none of these have proven superior 
for the majority of applications. These alternatives include cryogenic 
logiOs fluid logiCa all magnetic logic, and optical logic. Cryogenic 
and optical logic are yet to be proven feasible* Fluid and magnetic 
logic offer some advantages in slow speed applications^, such as the 
implementation of control functions in input/ output equipment. However^ 
semiconductor integrated circuits will be dominant for the foreseeable 
future « probably for the next ten to fifteen years at least. 

Closely related to basic integrated circuit technology are the associated 
technologies for batch fabrication of interconnections. The two major 
techniques are vacuum deposition of metallic interconnect patterns 
through masks and printing of metallic interconnect patterns by 
pi^ocesses similar to silk screening in the graphic arts„ Batch 
fabrication is the key to low cost high reliability components 
and interconnections for both logical circuitry and internal memories., 
Major improvements in cost and reliability can foe achieved by fabricating 
large ax-'rays of circuits on a single silicon ehip and interconnecting 
these on the chip. In order to minimize the number of interconnections 
brought from the chip it wiU be necessary to develop logical design 
and machine organiaation techniques that facilitate the organization of 
the machine into large functional units with a minimum number of 
interconnections required between these functional units. For examplej> 
either an adder or perhaps an entire arithmetic unit may be fabricated 
on a single large chip with external connections required only for 
input/ output and control signals. Another approach is to fabricate 
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the unit on several large chips which are then interconnected by 
wiring deposited on a substrate and packaged as a single unit. This 
is directly related to the subject of throw-away unit size and main- 
tainability discussed in Section 2, 

The remainder of this section will present the status and future plans 
for the components and packaging portion of this study and then briefly 
summarize technical developments of importance to future tactical 
data systems. Most of the component and packaging techniques 
applicable to future systemis were discussed in detail in Volume V 
of the AHTACCS Final Report. A separate report on component and 
packaging technology is being prepared that will revise and update 
the material in Volume ¥ of the ANTACCS Report which is about 
nine months old at this time. Since that report will discuss these 
technologies in depth, only changes in the technology or in the anticipated 
progress of the technology (since the material prepared for the 
ANTACCS Report) will be pTe&ented briefly in the technical discussion 
in this section. The Final Report will contain material from the 
special report mentioned above and will present in greater detail 
the latest developments in this area« 



3o2,2 Status to Date and^ Plans for the^^Reapaainder of the Study 
Particular attention is being given during this study to those component 
technologies for 1970 era systems that appeared most promising 
during the 1964 ANTACCS study includings 

Monolithic integrated circuits 

H3?brid monolithic/thin-film integrated circuits 

Active thin*film integrated circuits 

MOS integrated circuits 
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Consideration will also be given to other component technologies 
whose feasibility or applicability appeared questionable during 1964 
if subsequent developments indicate that the status appears to be 
changing. This category will includes 

Optical logic 

AU magnetic logic 

Fluid logic 
Howex^er* no such changes have been detect'ed to date- 

The following levels of packaging and specific packaging techniques 
are being investigated: 
Multi- circuit chips 
Cellular logic 

Multi- function logic 

Variable interconnections 

FiKed interconnections 
Multi- chip substrates 
Mother board and back board techniques 

Printed circuit boards 

Multi-layer printed circuit boards 

Multi-la.yer deposited (or printed) wiring 

Connectors 

Bonding techniques are also being investigated including? 
Flip- chips 
Welding 
Soldering 

These technologies are being investigated by discussions with technical 
experts working in these fields, by studying the applicable literature^ 
and by evaluating information concerning the different technologies 
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in relation to the requirements that will be imposed by future Naval 
tactical systems. This portion of the study is closely related to the 
part of the study dealing with the effect of new technologies on main- 
tainability. In the evaluation of new technologies* the effect on reliability 
and maintainability is given major weight. A separate Interim report 
is being prepared that updates the material presented in Volume V of 
the ANTACCS Report concerning components and packaging technology., 
That interim report will be further updated at the end of the study for 
inclusion in the Final Report* 



3, 2« 3 Technical Discussion 

The investigations during the first half of this study have tended to 
confirm and support the evaluations^ conclusions, and recommendations 
made during the AHTACCS study in 1964, The belief that future computers 
will utilise large arrays of interconnected logical circuits performing 
major logical fimctions has been greatly strengthened by discussions 
¥/lth semiconductor specialists and by published information. Although 
there was some controversy about this last year, the major questions 
now seem to be i^hen this will be feasible frather than if) and how large 
the arrays will be* Many technical experts were optimistically predicting 
these large interconnected arrays last year, but now even the manage*^ 
ments of major semiconductor companies are publicly announcing that 
these will be available* For example^ recently Br, Robert N. Moyce, 
Group ¥ice President of Fairchild Camera asad Instrument Corporation^ 
addressing the San Diego Council of WEBM stated^ 

"However, from a point on the complexity scale now where 50 
components in the cheapest level for an integrated circuit, 
i expect to move to iOOG by 1970. . . c At the same time there wEl 
be new problems where it takes only 10 chips to make a 
computer and almost every circuit made will be different^ " 
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The major controversy now appears to be whether these large arrays 

will be fabricated primarily with monolithic silicon circuits Casing 
bipolar transistors) or with metal-oxide-semiconductors CMOS). 
One interesting development since the investigation last year has been 
the rapid progress of MOS devices. Some in the semiconductor industry 
believe MOS technology will prove dominant where large arrays are 
required because of the somewhat simpler processing required„ The 
smaller number of processing steps tends to make more feasible the 
high yield necessary for large arrays. However^ in monolithic circuits 
Is is necessary to control the thickness of the diffusion layer in the 
semiconductor, while in the MOS it is necessary to control the thiclaiess 
of thQ oxide layer. Hence, the problem of process control is transferred 
from the body of the semiconductor to the surfaeeo Many feel that 
surface effects will be a more difficult factor to control. Even if the 
large MOS arrays do prove easier to fabricate and henee eheaper^, they 
will still suffer from one major disadvantage *• speeds The MOS is a 
field- effect type device with more limited speed capability. Although 
progress in both technologies is ejected* it appears likely that MOS 
devices: will remain approssimately one order of magnitude slower than 
monolithic integmXed circuits* MOS devices may be utilised in 
applications where high speed is not required and in applications where 
verj large standardised arrays can be used. Examples of the latter 
category are large integrated circuit storage arrays for main internal 
memoi^. Monolithic integrated circuit storage arrays will be faster,, 
hut slower speed MOS devices may be sufficiently cheaper to make their 
use in larger capacity memories more fessifole„ 

At this time it is still believed that monolithic integrated circuits ¥/ill 
be the dominant technology for logic circuits in the type of computers 
of interest for future tactical data systems. Hybrid monolithic /thin"* film 

.circuits will probably be used for linear amplifiers ¥/here high values 
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or high tolerance resistors and capacitors are required. Examples 
of circuits of this type are memory sense amplifiers and video amplifiers 
in displaySo The use of additional active elements in the monolithic 
circuit can permit compensation in some cases where high value or high 
tolerance resistors or capacitors would otherwise be required. 

In considering large arrays* one is faced with two major problems^ 
The possible need for eliminating bad or substandard circuits 
from the array to achieve a reasonable yield* 

The lack of flexibility resulting from large arrays which tends 
to make each array within a system unique* 

There are three major approaches to the utilization of large inter* 
connected arrays from the systems standpoint that are under consideration^ 
The first is cellular logic in which large arrays of identical circuits 
are fabricated with a standard interconnection pattern Ce, g« connecting 
each circuit only to its fout* adjacent neighbors) with the ability to 
miodi'^ the function of the circuit by changing something in the circuit 
subsequent to fabrication* For example^ one approach of this tyi^Q uses 
a circuit with four cut-points which can be cut in different combinations 
to alter the function of the circuit. 

In the second approach, a large array of circuits is fabricated and each 
circuit is individually tested. The test results are put in a computer 
which is also storing logical equations of the function to be implemented. 
The computer then generates the proper interconnection pattern to 
interconnect available good elements teMpping the bad ones) to perform 
the required logical function* In this approach^ a separate mask must 
be prepared for each array fabricated^ hence^ this is an esspensive 
operation unless cheap methods can be developed for producing inter-* 
connection masks under computer controL Several such mask fabrication 
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techniques are under development. On the other hand this approach 
offers a major advantage since it is easy to vary the function performed 
by the array by changing the logical equations supplied to the computer. 
If each interconnection mask for each array is generated individually :, 
there is little incentive for rigidly standardized functions. 

The third approach is advocated by those who believe that in the future 
it will be technically feasible to achieve high yields of large integrated 
circuit arrays in whidb all circuits are good. This would permit 
a standardised interconnect pattern to be used for each specific logical 
function. This has the advantage that only one mask need be made 
for a particular function. This mask can then be used to interconnect 
the circuits in many arrays of that type. On the other hand, it is more 
difficult to change the function to be performed by the interconnected 
circuit array since this requires making a different mask. 

The implications of these approaches to maintainability are discussed 
in Section 2 of this report. The major types of integrated circuits 
presently under development with characteristics anticipated by 1970 
and brief comments on the advantages or disadvantages of each are shown 
in Table 3, 2"1. 

The speeds shown in Table 3* 2-i for different types of circuits are chosen 
to be realistic, but many in the semiconductor industry wEl consider 
them overly conservative* Costs are expected to range between 3^ and 
5^ per circuit in large interconnected circuit arrays. The cost will be 
somewhat higher for linear circuits requiring thin«*fllm passive elements 
and somewhat lower for repetitive functions Ceo g* storage arrays) using 
large MOS array So These figures are intended to indicate cost potentials 
that can be realised hy semiconductor technology. However j, these cost 
potentials can be achieved only by fabricating large arra.ys of intercoonectec 
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circuits in a single package since packaging and interconnections are major 
factors in the cost of an integrated circuits Hence, the ability to achieve 
these costs is dependent upon the computer industry's ability to develop 
logical design and machine organisation techniques permitting and utilising 
such large arrays. This raises many difficult and conflicting questions^ 
such as packaging design, maintenance philosophy^ flexibility* and 
functional logic segmentation. Some of these are discussed further in 
Section 2 of this report*. 
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Technolo^ 



*@rfqrmaiice ^^ ^ 



Comments 



W 



Hybrid discrete/ 
thin- film circuits 



Monolithic circuits 



Hybrid monolithic/ 
thin-film circuits 



Metal-oKide- 
semiconductor 
CMOS) circuits 



I to 10 ns propagation delay 
§ to 20 mc clock rate 



Useful where high ratio of passive to active components is 
required {&<> g, linear circuits) and where higher power 
capability is required. Higher cost and probably lower 
rel^bili^o 



D, 5 to 10 ns propagation delay Low cost, high speed, and high reliability. High value and 
iO to 50 mc clock rate high tolerance passive components are veiy difficult, but the use 

of extra active elements can help compensate for this. 



1 to 10 ns propagation delay 
5 to 20 mc clock rate 



Compromise between the advantages and disadvantages of 
discrete components and monolithic circuits. More expensive 
than monolithic circuits but useful for linear circuits 
requiring higher tolerance passive components. 



20 to iOO ns propagation delay Simpler to make and easier to fabricate large arrays of 
2 to iO mc clock rate interconnected circuitSo Lower power consumptiouo Speed 

approKimately one order of magnitude slower than monolithic 

circuits. 



Silicon- on- sapphire ;2.^ -^o /^^ ai? fh^j^^yecttih A&loi^ Fabrication suitable for large arrays. Promising, but 
circuits 2-t^^ fo ^^ ^A^/i a~<iV<l presently being pushed by only one company* 



Active thin~film 
circuits 



Too early to predict 



Potentially cheaper and easier to fabricate very large arrays* 
Feasibility is not proven and utilization much farther av/ay. 



MAJOR TYPES OF INTSGEATED CIRCUITS 
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3.3 MEMORIES 
3» 3, 1 General 

Several different techniques for batch fabricating solid-state electronic 
or magnetic storage devices are being developed that v/ill provide 
improvements in internal storage costs and reliability compatible with 
those for integrated circuit logical components. Very large capacity 
auxiliary storage requiring electromechanical devices will probably 
continue to be a problem area. 

For purposes of analysis and e^"aluation, storage requirements have been 
dixnded into four major categories based on their functional uses 

Registers and high-speed cojatrol memory 

Msiin internal memory 

On«line au^liary storage 

Off-^line auxiliary storage 

Because of the wide difference in characteristics and cost, it is also 
helpful to differentiate between solid-state on**line auxiliary storage 
and electromechanical on-line auxiliary sto3?age« A particular type of 
storage technology may be useful in more than one of these categories 
but the trade-offs between capacity, speed, and cost will vary with the 
eategoryo 

As with components^ batch fabrication is the key to low cost high 
reliability memories. In &LCt, the integrated circuit techniques discussed 
in the component and packaging section of this report ¥411 be directly 
applicable to the electronic portions of future memories* In future 
memories monolithic circuits will be used for the straight digital 
portions of the memories (e, g» addressing;, ete^ ) and hybrid monolithic/ 
thin-film circuits will be used in other portions of the memory where linear 
circuits are required, e, g^ the sense amplifier^ 
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Integrated circuit array memories, either mon-jlithic or MOS, in which 
integrated circuit elements rather than magnetic elements are used f >r 
the storage function will be a factor in future systems also. This wUl 

probably be the first use of very large arrays of interconnected circuits 
on a single silicon chip. Packaging techniques to permit easy main- 
tenance will be important in the design of memories using these batch 

fabrication technologies. 

The remainder of this section will present the status and future plans 
for the memory po3E*tion of this study and then briefly summarize 

technical developments of impox'tance to future tactical systems. Most 
of the memory techniques applicable to future techniques were discussed 
In detail in Volume V of the ANTACCS report. A separate report on 
memory technology is being prepared that will revise and update the 
material in Volume V of the ANTACCS report which is about nine months 
old at this time* Since that report will discuss these technologies in 
depth, only changes in the technology or anticipated progress of the 

technolo^ (since the material prepared for the ANTACCS report) 
will foe presented briefly in the technical discussion in this section. 
The Final Report will contain material from the special report mentioned 
above and will present in greater detail the latest m.emory developments 

3. 3, 2 Status to Date and Plans for the Remainder of the Study 

In any system configuration for tactical data systems in the 1970-1980 

periods requirements will exist for: 

Registers and high-speed control memories 

Main high-speed (random-access) internal memories 

On-line auxiliary storage (large capacity) 

Off-line auxiliary storage 
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Depending upon system design and system requirements, requirements 
may also e:H:ist tort 

Associative memories 
Read" only miemories 
Permanent 

Mechanically alterable 
Electrically alterable 
Read m.ostly 
High speed serial memories 

In this study emphasis is placed on the memory technologies in the 
first category above* Those in the second category will also be inves- 
tigated where a possible Naval application has been identified. This is 
the case for both associative memories and read only memories. Althougl 
possible uses for high speed serial memories can foe hypothesised^ no 
specific Naval application of sufficient importance to Justify their 
consideration has been specified to date. One possible use for high speed 
serial memories is in a very small^ light weighty portable computer 
for Marine Corps field use. 

Particular attention is being given during this study to those memory 
technologies for 1970 era systems that appeared most promising during 
the 1964 ANTACCS study including: 

Integrated circuit arrays 

MOS 

Planar thin- films 

Cylindrical thin- films <plated wires) 

Magnetic cores 
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Consideration will also be given to other memory technologies whose 
feasibility or applicability appeared questionable during 1964 if 
subsequent developments indicate that this status appears to be 
changing. This category includes: 

Permalloy sheet toroid 

Laminated ferrite 

Cryogenic 

Particular consideration is being given to technologies for large 
capacity low cost memories that may provide solid state replacements 
for electromechanical magnetic tape units and disc files. This includes 
the ferroacoustic type storage and other BORAM techniques. 

Consideration will also be given to associative memories^ read only 
memories, and high speed serial memories but the extent of this 
consideration will be determined by information that can be obtained 
about system requirements from the ANTACCS and MTACCS studies. 

These memory technologies are being investigated by discussions 
with technical experts working in these fields, by studying the applicable 
literature 5 and by evaluating information concerning the different 
technologies in relation to the requirements that will be imposed by 
future Naval tactical systems. The criteria for selecting memory 
technologies to be investigated are discussed in Section 3, 1 of this 
report. The effect of new technologies on reliability and maintainability 
is given major weight in their evaluation, A separate interim report 
is being prepared that updates the material presented in Volume V of 
the ANTACCS report concerning memory technology. That interim 
report will be further updated at the end of the study for inclusion in 
the Final Report. 
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3. 3. 3 Technical i^iscusslon 

As in the case of component technology discussed previously, the 
investigations during the first half of this study have tended to confirm 
and support the evaluations^ conclusions, and recommendations made 
during the ANTACCS study in 1964. The importance and feasibility of 
batch fabricated mem.ory arrays have been emphasized by further 
discussions with memory specialists and by published information. 
The importance of developing batch fabrication techniques for connecting 
the storage arrays to the associated electronics is appreciated by 
those working in the field. In fact, the ability to easily connect the 
storage arrays with the associated electronics is a major factor in 
the evaluation of pa3?ticular storage techniques. 

One significant development during the past six to nine months has 
been the relative down grading of expectations for bat#i fabricated 
ferrite memories. It is understood that work on the Flute memory 
has been discontinued. The laminated ferrite memory is still being 
pursueds and it is now commercially available in small capacity 
arrays. However, there has been little public discussion or published 
information recently on laminated ferrite memories for large capacity 
applications. Emphasis now seenas to be placed more on their use in 
relatively small capacity high speed applications. Although this is 
a controversial question with many in the memory field having a 
different view, it is the belief of this study team that the laminated 
ferrite icaexnoTj and other batch fabricated ferrite memories will 
not compete successfully with plated wire and planar thin-film memories 
in the long run. 

Another interesting and very significant development during the past 
few months has been the increasing emphasis on memories fabricated 
with semiconductor integrated circuit arrays. This is true both for 
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MOS storage arrays and for monolithic integrated circuit storage arrays. 
Many of those in the semiconductor field with whom this has been 
discussed feel that both will be feasible; however, only a few go so 
far as to say that either will replace magnetic storage techniques for 
main internal storage. Most seem to feel that their applicability is 
limited to relatively small memories of a few thousand words or 
les8:i e:^cept perhaps in unusual environments such as space a.pplications 
where power is a major consideration. MOS arrays offer a potential 
for extremely low power consumption in the quiescent state. In 
general, monolithic silicon arrays are believed to be more applicable 
for very high speed small capacity applications (e, g» high speed control 
memories) while MOS devices are more applicable for larger capacity 
slower applications Ce, g, small main internal memories). 

The cost of magnetic core memories is continuing to decrease as 
production techniques are improved and automated, and speed is continuing 
to increase as cores are made smaller and smaller. One core memory 
planned for a future high speed, large scale, commercial, scientific 
computer is expected to have a read write cycle time of 0. 5 us using 
a 12 mil Oo d. and 7 mil i, d, (or smaller) core. Hence^ improvements 
in the well established magnetic core technology continue to provide 
a fast nicsving target for the newer technologies. Sonae in the memory 
field believe that autom.ation of magnetic core production and array 
fabrication will reduce the cost of core memories below that which will 
be achieved by batch fabricated memories. However, it is the belief 
of this study team that these production improvements will perhaps 
extend the time daring which the core memory will remain dominant 
but that batch fabricated memories will inevitably replace discrete 
core memories at some point in the future. It is further the belief of 
this study team that this point will occur by the early 1970 's^ 
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Plated wire memories are still considered the most promising 
with planar thin-film and integrated circuit arrays following closely. 
There is a strong likelihood that integrated circuit arrays will 
quickly dominate the register and high speed control memory area. 

The characteristics anticipated for solid-state storage devices in 
1970 are shown in Table 3. 3-1 and those for electromechanical 
auxiliary storage devices are shown in Table 3, 3-2, Solid-state 
electronic and magnetic devices are applicable to registers and 
high-speed control memories* main internal memories, and on-line 
auxiliary storage while electromechanical storage devices are applicable 
primarily to large capacity on-line auxiliary storage and off-line 
auxiliary storage. Some off-line auxiliary storage devices^ such as 
magnetic tape units, are also considered input/ output equipment. 
In facta the distinction between off-line auxiliary storage and input/ output 
equipment is somewhat gray, based largely upon whether it is used to 
store information generated by the processor for its later use or 
whether it is used to enter data initially into the system from the outside 
world or to transfer data from the system to the outside world. 

The costs of storage will vary with speed and capacity and the particular 
technique employed. Typical costs anticipated by 1970 for given 
categories of storage, including the storage media and all mechanical 
and electronic components necessary to provide an operating memory^ ares 

Registers and high-speed control memory - Z to 5^ per bit. 

Main internal memory - 1 to 3^ per bit. 

Solid-state random access on-line auxiliary storage - 0, 2 to 1^ per bit, 

Electromechanical on-line auxiliary storage - 0. 001 to 0* 01^ per bit. 

Photographic on-line auxiliary storage - 0. 005 to 0,0©0§$ per bit. 
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Registers & High Main. High- Soli€l"»State 

Speed Goatrol Speed Interaal Oii-Liae Auxiliary 

M8m£ries^^^^^^__^ Memories .ite£Si^,£sy^®^E^ 

Typical E/W ^' Typical r/W Typical ' rJw ' 

TjpB of Capacitjr Cycle Capaeitj Cycle Capacity Cyele 

;orage (Words) Time CWords) Time CWordsl Time Comments 
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Integrated 2BQ SO iis 0, OIkIO 0, 2 us Most promising for very high speed 

Ckto Arrays registers and ooatrol memorieSo 

6 

MOS Sli 250 ES 0, 02KiO 0, 7 us Fromisiizg for low cost intermediate 

ATTRfB eapaeities^ Volatility is disadvantage. 

_ 6 6 

Flaaar S12 100 as 0, ixlO Oo 6 us 2x10 1 us Promising for fast eontrol memories^ 

Thia-Filnx possibly for on-line anx storage; 

Questionable for niaiii internal uiexa, 

6 
Lami^.t8d 812 150 UB 0« l^iO 2 us Beasonable yields not pro^yen for 

Ferrlte capacities over a few hundred words; 

Actively pushed by only one cooipany, 

^ 6 6 

-^ Plated wire 512 250 ub 0„ SslO 0o5 us 4sI0 1 us Very promising in all categorieso 

6 6 

Magnetic §1S 350 as 0. litlQ o, 7 us 2k10 3 us Well established and will be dominant 

Core B/iatris for several yearsj v¥ill be replaced 

eventually by batch- fab teehniqueSc 

6 6 

Fermalloy- Oo 2x10 20 us 4%10 100 us Potential for very low eost but 

S!i©et ToroicI feasibility and yield are unproven; 

Actively pushed by only one company. 

6 6 

CoatlEttoiiS" 2o OsslO 2 us. 2QiilQ 5 us Feasibility ^till unproveni Not 

eoQiiomia for capaaities below appz. 



Cry^gepic iO^' bits because ot retrigeraBt cost.. 

"' rro''* 20slO' Cseriall Iii early research stages; Consept 

'aC'^^iisl'C proniising for low cost block-* or ieatecl 

aMS storage, but feasibility not proverb 
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Average 


Data Trans- 


On-Line or 


Type of 


Per Unit 


Access 


fer Bate 


Off-Une 


Device 


In Char, 


Time 


Ch/Sec 


Storage 


Magnetic 


350x10^ 


80 ms 


500, 000 


On*»Line 


Drums 










Fixed-Head 


IOOkIO® 


20 ms 


800» 000 


On- Line 


Disc Files 










Moving- Head 


1,0OO3£|O^ 


80 ms 


800, 000 


On* Line 


Disc Files 










Removable 


50x10^ 


100 ms 


SOO. 000 


Either 


Dise Files 










Magnetic 


20x10^ 


80 ms 


200, 000 


Either 


Tape Loop 


50x10^ 








^ Magnetic 


(serial) 


400, 000 


Off-Line 


Tape Reel 










Magnetic 


6 
l^ 000x10 


200 ms 


300^000 


Either 


Card Files 










Optical 


150x10^ 


Seconds 


500, 000 


Either 


Discs 











Comments 

Large physical volume; Well proven by field 
use for years. 

Fastest access time but highest cost^ 
Relatively new with little field experience. 

Most field experience of on-line devicesi Best 
costs capacity, and access timie compromise. 

Relatively new but widely accepted; Offers advantage 
of both on-line and off-line capability. 

New and relatively unproven in the fields Made by 
only one company at present. 

Well established and proven for many years; 
Lowest cost per character off line; Serial accesSo 

Available several years, but not as well established 
as discs. Lower cost per char, for large capacity. 

Nev/ and unproven by field use; Offered by only one 
company; Read-only; Largest capacity and low cost 
per character; Very slow access. 



ELECTROMECHANICAL AUXILIARY MEMORY CHARACTERISTICS ANTICIPATED IN 1970 

Table 3. 3-2 



The concept of storage hierarchies is very impoziant la considering 
the use and capabilities of storage devices. There is no one ideal 
type of storage that fulfills all requirements while providing the 
maximum speed and capacity for the minimum cost. 

It will be necessary to use a combination of storage devices utilizing 
the best characteristics of each to effect a better over-all storage 
system. This is true not only within the processor itself and between 
the internal and external storage but also with respect to different 
levels of external storage. One important aspect in the efficient use of 
hierarchial storage that should be emphasized is the need for develop- 
ment of machine organization and software techniques that make the 
entire internal and on-line auxiliary storage appear as a single uniform 
storage to the user. 

In the past few years, relatively large development efforts have been 
expended on associative memories that can address stored information 
on the basis of a portion of its contents rather than a unique numeric 
address. Data is located by association rather than by physical location. 
Basically;, an associative memory involves sufficient logical capability 
to permit all memory locations to be searched essentially siznultaneously • 
i* e. within some specified memory cycle time. The search may foe made 
on the basis of the entire contents of each location or upon the basis 
of selected bit positions of each location. Searches may be made on 
the basis of equality, greater -than- or- equal-to j, between limits^ less-than- 
or-equal-tOi, and in some cases more complex criteria., 

Associative memoades developed to date are significantly more expensive 
than random access memories having comparable capacity and cycle time« 
In some types of applications the ability to address the memory by 
content may offer overall systems econom.ies or speed improvements 
that Justify the cost of this type of memory. However^, most of these 
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advantages ean usually be obtained by using a relatively small associative 
memory in conjunction with a large capacity random access memo3?y, 
Hence^ it is not likely that a central processor will utilize a large 
associative memory as the main internal memory unless some unforeseen 
breakthrough in associative memory technology is achieved. On the 
other hand, small associative memories used in conjunction with large 
random access memories may offer advantages in tactical data systems 
that will justify their cost* Such uses might include track while 
scan and threat evaluation and weapon assignment applications* 
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3.4 DISPIuAYS 
3, 4» 1 General 

The possibility of a higher degree of compatibility with integrated circuit 
and other batch fabrication technologies is an important criterion in 
considering technologies for future displays. This requires display 
technologies that can operate with low voltage and low power. A 
flat panel l^pe display is also desirable in order to provide smaller 
irolume displays 

Although batch fabrication is a goal in searching for better display 
technologies^ the prospects are not as promising as in the case of 
logical circuits and memories. However, the integrated circuit 
techniques discussed in the component and paeisaging section of this 
report will be directly applicable to most of the electronic poartions 
of future displays. Monolithic circuits will be used for the straight 
digital portions {e, g. control logic) and hybrid monolithic /thin-* film 
circuits will be used for other portions Ce, g, video amplifiers) in 
which linear circuits are required. Batch-fabricated memories will 
provide the necessary buffering and local storage capability in display s» 

In the display technology portion of the AHTACCS study last year^ 
primary emphasis was placed on large screen displays because of the 
lack of an adequate existing technology in that area and because of the 
acceptability of existing cathod«»ray~tube console displays. Investigation 
of large screen display technologies is continuing^ but an added 
emphasis is being placed on consideration of technologies that offer a 
potential for reducing the sisse, weight, volume, and power requirements 
of console type displays for future tactl€^l data systems. 

Beduclng the size of console displays would significantly reduce the 
space on shipboard required for a tactical data system. A major 
portion of the total space required for the present HTDS is occupied hj 
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Consideration will also be given to other promising display technologies 
whose feasibility appeared questionable during 1964 if subsequent 
developments indicate that their status is becoming more favorable. 
This category will includes 

Solid-state light valves 

Opto- magnetic displays 

Electro- chemical displays 

leaser/ luminescent (or electroluminescent) displays 

Injection electroluminescence matrix displays 
Of this latter group* opto-magnetic and injection electroluminescence 
displays are of special interest because of their compatibility with 
semiconductor integrated circuits and their suitability to batch 
^brication. 

With respect to console displays, consideration is being given to 
the availability of brighter screen cathode-ray tubes to permit use 
of display consoles under normal ambient light. However, it must be 
noted that the major problems and difficulties with console displays 
have not been with the basic display technology but rather with the 
equipment design^ systemi operational concepts, and functional design. 
That iSa the major questions with respect to console displays are not 
questions of hardware technology but rather of systems design and user 
reqitirements. Flat panel display techniques for consoles are also 
being emphasised because of the advantage of space reductions in 
Haval tactical systems. 

Display technologies are being investigated by discussions with 
technical es:perts working in ^ese fields, by studying the applicable 
literature, and by evaluating information concerning the different 
technologies in relation to the requirements that will be imposed by 
future Naval tactical systems. The criteria used in selecting display 
technologies to foe investigated are discussed in Section 3* 1 of this 
report. The effect of new technologies on reliability and maintainability^ 
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consoles* Although the cathode* ray tube is expected to remain 
dominant at least until 1970, it is hoped that flat panel displays will 
become available for console applications in the early 197 0*s. 

The remainder of this section will present the status and future plana 
for the display technology portion of this study and then briefly 
summarize technical developments of importance to future tactical 
data systems. Most of the display technologies applicable to future 
systems were discussed in detail in Volume V of the ANTACCS Final 
Report. Hence, only changes in the technology or anticipated progress 
of the technology (since the material prepared for the ANTACCS 
report) will be presented briefly in the technical discussion in this 
section. The Final Report will present the latest display developments 
in greater detail. 



3,4,2 Status to Date and Plans for the Remainder of the Study 
Both large screen and console type displays are being investigated. 
Particular attention is being given to those display technologies for 
1070 era systems that appeared most promising during the 1964 
ANTACCS study including: 

Photochromic displays with cathode-ray tube or laser image 
generation 

Thermoplastic and photoplastic light valves with cathode- ray 
tube or laser image generation 

Crossed-grid electroluminescent displays with integrated storage 

Laser Inscribing systems 

Cathode- ray-tube displays 
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and their compatibility with integrated circuits and new memory 
technologies are given major weight in their evaluation. Information 
presented in this report will be expanded and updated at the end of the 
study for inclusion in the Final RepoJrt, 



3«4,3 Technical Discussion 

There has been little change in the status or expectations for most of 

the types of large screen display technologies investigated during the 

ANTACCS study in 1964. However, photochromic /CRT displays that 

were considered promising do not appear to have been receiving the 

level of development effort that had been anticipated* it is not certain 

at thijs time whether this is because of technical problems or because 

of the interest and goals of the companies involved. During the remainder 

of this study this question will be investigated further to determine 

whether photochromic displays should still be considered a promising 

technology. 

With the exception of photochromic/ CRT displays^ the conclusions 
and recommendations concerning large screen displays presented in 
Volume V of the ANTACCS Final Report remain valid. Thermoplastic 
and photoplastic light valves, electroluminescent displays, and laser 
Inscribing systems still appear to be the best prospects for large 
screen displays by the early 1970 's, with solid-state light valves^ 
opto-magnetic displays, laser/1 uminescent displays, and injection 
electroluminescence matrix displays offering promise if feasibility 
is proven. 

Unfortunately^ display tectooiogy, as well as that in other input/ output 
areasj has not kept pace with advances in digital electronics and 
magnetics technologies. The term "display technology" in the sense 

used here refers to the presentation or generation of the actual visual 
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display (i. e. the visual transducer) rather than to the many digital 
logic, storage^ and control circuits used in display equipment. 
Integrated circuits are being used now to implement these latter digital 
functions in newer display equipments. 

Integrated circuit techniques are most effective for the implementation 
of low voltage* low power, low precision components which are ideally 
suited to the fabrication of bi-valued computer logic and storage 
elements. These techniques are very poorly suited to the requirements 
of most of the approaches to the implementation of visual transducers 
is use today. 

Although most of the technologies for large screen displays cited in 
Volume V of the ANTACCS Final Report do not meet the criteria for 
eompatibility with integrated circuits and other batch fabricated 
electronic and magnetic components, there is no certainty at this tixne 
that any other large screen display technologies capable of meeting 
these criteria will be available by the early 197 0*s, For console 
displays there appears to be some hope of achieving reasonable 
compatibility with batch fabricated electronic and magnetic components 
by replacing the eathode*ray tube with a flat panels low voltage, low 
power visual transducer. 

The cathode-ray tube represents a well established technology that 
will probably be dominant for consoles through the early 1970'iS. 
The cathode-ray tube is adequate and satisfactory from most staadpoints^ 
but it has some disadvantages. While these are not critical^ th^ will 
Justify the utilization of other display technologies when these have 
proven feasible. The major disadvantages of cathode-ray tubes are 
associated with their incompatibility with new solid-state batcsh- 
fabrication technologies. These disadvantages include physical volume;^ 
lesser reliabilil^a high power requirements^ and a need for high voltage 
circuits. In some applications involving hi^ ambient light conditions^ 



the brightness and eontrast offered by cathode- ray tubes may alsu be 
considered limitatioas. 

Criteria for compatibility with batch-fabriciated computers include 
low voltage^ low power^ small volume, digital selection, high reliability 
and long life^, low cost, adaptability to batch fabrication^ and feasibility. 
It is fairly obvious that the development of large- screen displays 
meeting these criteria is unlikely in the for e se e able future. However^ 
there are several visual transducers in research or development stages 
at this time that offer promise for console displays meeting these 
criteria.'T Table 3. 4- i compares several existing andppropo sea visual 
transducer technologies for console displays against the criteria 
for compatibility with batch-fabricated computers. Most of these 
technologies do not meet the required criteria at this time^ but the 
comparisons in Table 3, 4-1 are based on capabilities anticipated in 
1970 if the g&articular techniques is proven feasible and development 
efforts are successfully carried to completion. 

Preferred display systems are those compatible with solid- $tate 
electronic component technology and those employing such components. 
Om this foasis^ of the tecimologies presently in the research and 
development stage^ the more promising include erossed«-grid electro- 
luminescent panels with integrated storage^ matrisc controlled opto'^magmetie 
panels^ and injection electroluminescence matrices. If they prove feasible^ 
the latter two offer the greatest promise with respect to meeting the 
compatibility criteria set out above* Digitally deflected laser/luminescent 
systems may be less compatible but offer promise for large- screen 
displays* Electroluminescent panels and laser deflection presently 
require high voltages that may limit their use if other techniques more 
compatible with the voltage capabilities of integrated circuits prove 
feasible and economieaL 
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AHTICIPATEB COMPATIBILITY OF VISUAL TRANSDUCER TECHNOLOGIES 

WITH BATCH-FABRICATED COMPUTERS 
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It Is, of course, very likely that presently unforeseen developments 
will permit additional display approaches during the 1970's, but those 
listed above are the most promising of the presently known teehnologies 
for providing compatibiliiy with low-cost, high-performance, batch- 
fabricated computers of the early i970»s. 
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3«5 INPUT/OUTPUT 

3. 5. 1 General 

There are three major approaches to improving the performance of 

future systems with respect to input/ output capability. These are: 

Improvements in the performance of present types of input/ output 

equipment. 

Development of new types of input/ output equipment that are 
not in wide spread use at present. 

Approaches to system organization that minimize the need for 
conventional input/ output equipment* 

Each of these approaches will play a part in performance improvements 
in future systemLS. However, unless much greater effort is placed upon 
the development of non- mechanical input/ output equipment^ the best 
hope for future systems lies in developing system techniques that 
minimize the need for input/ output equipment* 

This section will present the status and future plans in the input/ output 
equipment portion of the study and then discuss technical developments 
affecting each of the three approaches to improving input/ output 
performance outlined above. 

Several types of equipment in the first two categories will be discussed 
in greater depth in this report than other areas of hardware technology 
that were discussed in greater detail in Volume V 6i the ANTACCS 
Final Report, However^ the information presented here concerning 
input/ output equipment is preliminary. It will be revised and expanded 
in the Final Report based on the results of the remainder of this study. 
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3. 5, 2 Status to Date and Plais for the Remainder of the Study 
Work to date has centered about the investigation of new techniques 
of input/ output equipment that offer promise for performance impi-ove- 
loaents in future systems. These investigations have included: 

Character recognition and print readers 

Voice recognition and voice output 

Hon- mechanical keyboards 

Solid state replacements for magnetic tape equipment 

New devices and techniques, both in the research stage and currently 
under development, to allow direct entry of data are being investigated 
and evaluated. The investigation and follow-up of particularly 
interesting techniques and approaches that were examined during the 
initial ANTACCS study contract is being continued. These techniques 
were examined briefly in the ANTACCS study but were not pursued 
in depth due to lack of adequate time to cover all research and develop- 
ment projects of interest. 

Improvements in conventional types of input/ output equipment are also 
under investigation. The most promising of these examined so far is 
the replacement of perforated paper tape by incremental magnetic 
tape. This is a technique that seems particularly applicable in tactical 
data systems and which has seen considerable recent advance in the 
state- of **the-art. 

Preliminary evaluations and conclusions are given in thi© Mid-Project 
Report concerning the future of character recognitiouj voice recognition 
and voice outputs non- mechanical keyboards, non* impact prir^ers^, and 
incremental magnetic tape as a replacement for perforated tape. 
These are based on incomplete data and are presented to indicate the 
work done to date and as bench marks against which additional data 
will be evaluated. 
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The second half of the input/ output study will be devoted to detailed 
technical comparisons and evaluations of technologies offering promise 
for improving the performance of future systems. Additional informiation 
that must be gathered to provide proper technology evaluations includes 
equipment reliability (mean time bet%veen failures)^ power requirements, 
and relative si25e, weight, and cost. This additional data will provide 
the basis for more detailed summaries and comparison tables to 
expand and update the technical information to be included in the 
Final Report. 

In addition to continuing the investigations of new types of input/ output 
equipment discussed abovCa new forms of graphic input equipment, new 
types of graphic output equipment, digital-to-analog and analog-to-digital 
conversion equipment, and trends toward the replacement of analog 
data generating equipment with digital data generating equipment will 
be examined. The investigation of character recognition will be expanded 
to include current research on handwritten input techniques. 



So 5* 3 Technical Discussion 

3, 5« 3« I Improvements in Conventj o^LJilyp^&jafJDaLput/^Mtput,^ 
Almost all present types of input/ output equipment are electro mechanical. 
This imposes limitations on the improvements that can be achieved 
and on the ability to utilize the benefits of batch-fabrication techniques 
in electronics and magnetics. Although these electromechanical input/ 
output equipments will limit systems performance^ the effect on systems 
cost and reliability is even more serious* The performance limitations 
could be overcome to some extent by using a larger numer of input/ output 
units^ but this further accentuates the cost and reliability imbalance 
with respect to the central processor and memory. 
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Performance characteristics anticipated by 1970 for some of the 

major types of conveatioaal input/ output equipment are shown in 
Table 3, 5-1. Examination of these characteristics will indicate 
performance improvements of less than one order of magnitude and 
in most cases of less than two«to«one over equipment commercially 
available today. Punched paper tape is not included in Table 3. 5-1 
because it is believed that incremental magnetic tape readers and 
recorders will replace punched paper tape equipment for most high 
performance applications. Incremental magnetic tape equipment will 
be cheaper for high performance, will be more reliable, and will 
utilize tape records and formats that are completely compatible iirith 
high speed conventional magnetic tape units* Although block oriented 
magnetic tape units have been in use since the early days of the 
computer industry, the ability to economically read and record 
incrementally opens new applications for magnetic tape input/ output. 
Incremental magnetic tape recorders and readers and their advantages 
as replacements for punched paper tape equipment will be discussed 
in detail in the remainder of this sub- section. 



INCRBMBNTAL MAGNETIC TAPE AS A R.EPLACEMEHT FOR ^^""^ '^ 
FEEFQRATE D FAPEE TAP E^ ; '- ^<?-^^' 



Perforated tape equipment was originally developed for use in 
comiection %vith land line data transmission and the performance 
characteristics of the devices available were closely linked with 
the speeds of the lines on which they transmit and receive* With 
the advent of high speed digital computers;, perforated tape reading 
equipment has h&QTk developed with the capability of reading several 
thousand characters per second. However, as the punching process 
la essentially mechanical In nature involving making physical holes 
in the tape^ the best speed© attainable have been in the order of 300 
characters per second (slightly less information capacity than is 
available on a 2400 bit per second line. 
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Magnetics tape imits 



SOO^ 000»400^ 000 char/ see ' 2000-SOOO char/ m©h 
read write rat® densitj 



Incremental magiietie tape 
Recorders 

Headers 



800-1000 char/ sec 
record rate 

500-600 char/ sec 
read rate 



800 ehar/lneh 
density 

558 char/ inch 
density 



Fuaehed cards 



Puaehes 



■Eeaders 



300-500 cards/ min 
punch rate 

2000-3000 cards/ min 
read rate 



Liiie printers 



Impact tjpe 
Cmiiltiple copy) 

Hon- impact type 
I single copy) 



1500-2000 lines/ min 



3000-5000 lines/ min 



64 eharacter types 
IS2 ^har/liae 

$4 character tjpes 
132 ehar/line 



INPUT/ OUTPUT EQUIPMENT CHARACTEBISTICS 
ANTICIPATED BY 1970 

Table 3»5*1 
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Although paper tape imits with MTBF*s in excess of 1000 hours 
are more reliable than some other militarised peripheral equipment 
available, they still require extensive operator attention. A 300 
character per second perforator consumes one 1200 foot reel of 
tape in slightly over seven and one-half minutes; therefore, constant 
operator attention must be provided in order to change reels« 

The use of high speed tape perforators also entails a serious supply 
problem since a tape perforator opea?ating at full speed consumes 
non- reusable tape at the rate of 13. 6 pounds per hour at a typical 
cost of 60^ per pound. Further, the tape itself is subject to 
deterioration through aging. 

In contrast^ an equivalent size reel of magnetic tape contains 2400 
feet. When incrementally recorded at a density of 556 characters per 
inch, the reel of magnetic tape is equivalent to 80 reels of perforated 
tape. Thus it allows much longer periods of operation without operator 
intervention. Since the magnetic tape is reusable and has a life in 
excess of 20^ 000 passes, the supply problem is drastically reduced. 

Present tape punching equipment has achieved reliability on the 
order of 1000 hours MTBF5 however, the equipment is essentially 
a highly stressed^ hi^ wear item that requires one time use tape. 
Two intermediate approaches can be taken to overcome limitations 
of present tape puncihing equipment. Where human readability is 
necessary, the perforated tape can be eliminated entirely as an 
intermediate machine language and replaced hj an alphanumeric 
printout captured directly from the transmission line or another machine 
via a printer. This printout may later be used as machine input hj 
using character recognition equipment. Advantages are gained in 
replacing the punching mechanism by alphanumeric printing mechanisms 
which can operate at higher speed and in allowing direct operator reading 
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rather than tape interpretation by "reading the holes. " Since the 
printing can be produced and read without mechanical action, highly 
stressed moving parts can be snbstantiaUy reduced. Mon-impact 
printing and character recognition are discussed in greater detail 
elsewhere. 

Where no direct operator cognizance of data is required, perforated 
paper tape systems may readily be replaced with incremental magnetic 
tape systems in which data is recorded character by character on a 
reusable magnetic tape in much the same manner that it would have 
been on a paper tape. Since no electromechanical punching mechanism 
is required, total system wear is substantially reduced which shouild 
si3S>stantially increase input rates. The magnetic tape can be written 
in the same language and format that is used on block read magnetic 
tapes* Hence, this tape may be read dii*ectly into a computer system 
at speeds much higher than are attainable with perforated tape equipment» 

Incremental magnetic tape recorders offer an improved technique 
for the recording of synchronous and asynchronous, bit serial or 
character serial, information. They will be of primary value to the 
Navy in communication and data collection applications. 

Since incremental magnetic tape equipment records at a higher density 
than perforated tape equipment (556 characters per inch as opposed to 
10 characters per inch), the recorded data is much more transportable 
and much smaller quantities of media are required* The reusable nature 
of the magnetic tape as opposed to the expendable nature of the 
perforated paper tape offers a further reduction in the supply and 
storage problems. 
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jNCREMENTAL MAGNSTj gJTAHE-^EGQBIlERS^ 
Existing commercial incremental magnetic tape recorders typically 
use standard 2400 foot rolls of l-l/2mil thick oxide coated Mylar 
computer tape and are capable of recording data in IBM format at 
densities of 200 to 356 chairacters per inch. Recording is accomplished 
while the tape is stopped under the recording head. Non return to 
zero (NRZI) recording is used since it requires only one incremental 
tape advance per character recorded. Also* NRZI recording is 
necessary in order to provide IBM tape compatibility. 

After a character has been recorded the tape is advanced one 
1/200 or 1/556 of an inch to the position where the nes:t character 
will foe written. This tape advance is usually accomplished by driving 
the tape capstan with an incremental motor* 

Since little energy is required for the tape drive, total power require- 
ments of the recorder are low. The slow tape speeds do not cause 
rapid wear of the mechanism and therefore do not require high levels 
of maintenance. The unit is relatively ine:B|>ensive (about $5^^ 000 

with eleetronicsy and the magnetic tape is reusable and can store 

6 

very large amounts of data (approKimately 12 x 10 characters per 

reei|«i 

Since incremental magnetic recorders are useful in the same functional 
applications as perforated paper tape punches^ the two are compared 
in Tables 3. 5-2 and 3» 5-3, 



1 

CoiKrersation with G« Kennedy, President, Kennedy Company, 
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Current 
State of Art 
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CNo Control Elect* ) 

Speed iB Char/Ses 500 
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COMPARISON OF INCREMENTAL TAPS RECORDERS 
AMD PERFORATED TAPE PUNCHES 



Tafele 3, 5-3 



ADVANTAGES OF INCREMENTAL 
MAGNE TIC TAPE HECORDERS 

laO'WeT' cost for high performance 



ADVANTAGES OF PERFORATED 
TAPE RECORDERS 
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Lower cost for low performaiiee 
systems. 



High recording speeds obtainable. Provides permaoeiit recording. 



Reusable reeordiBg medium, e* g, 
lesser supply pi'^oblem, lower 
cost per ^it recorded, less 
operator intervention to change 
tape, 

Frodiaees tape that can be used 
directly by computer tape trans- 
ports- 



Produces tape that can be used 
by typewriters and other paper 
tape equipment. 

Visual inspection of output is 
possible* 



ADVANTAGES OF INCREMENTAL MAGNETIC TAPE RECORDERS 
AND PERFORATED TAPE RECORDERS 

Table 3. 5-3 
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The low power requirements, long MTBF, and long recording time 
per reel of tape makes incremental magnetic recorders suitable for 
use in remote data colleetlon systems in which perforated tape 
would not be suitable. 

The high recording speeds which incremental magnetic tape systems 
can obtain^ coupled with the long recording time available from a 
reel of magnetic tape, make them able to serve high speed communi- 
cation lines much more effectively than paper tape. The two areas 
where perforated tape presently has an advantage over magnetic tape 
are in low*»cost, low-performance systems and in systems hwhere 
perforated tape is required for compatibility with other e:£isting 
equipment. 

In order to obtain hi^ density recordings with reasonable sisse head 
gaps, bit positions are overlapped during the recording process. 
See Figure 3, 5-1^ This also allows the recording head to operate at 
more than one tape density. 

Recording speed is dependent upon the ability of the tape advance 
mechanism to discretely advsuice the tape in increments of 1/200 
of 1/556 of an inch and maintain a tolerance of ^ 10% required for 
IBM compatible tape. 

Current state-of-the-art is about 500 steps per second. This may 

be extended to 800 steps per second in the nesd: several years ^ but 

2 
advances beyond this are not predictable. 
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OVERLAPPED RECORDING 



Write 




Tape motion 



resent write position 
Previous write position 



Tape advances , 005" for 200 bpi recording density 
Tape advances . 001.8" for 566 bpi recording density 



Figure 3.5-1 
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Masiimum recording density is determined by tape standards that 
are fcased on limitations of tape reading techniques. Present 
teehniques require an average space betv^een bits of 1/200, 1/556, 
or 1/800 of an inch for IBM NRZI recording. They also require 
regular spacing of bits (j2 ^^^^ tolerance for IBM compatible tape). 

Current reading techniques can read NRZI recorded data np to 
800 bits per ineh, however <, current incremental magnetic tape 
recorders are only able to maintain satisfactory bit-to-foit 
aecuracy up to densities of 556 bits per inch because of limitations 
in incr*emental tape advance techniques. In several years. 
Improvements in incremental motors will allow recording of 
densities of BOO bits per inch or more v?ith the result that present 
HEZI reading teehniques will become the limiting factor in increasing 
bit density. 

MCREMEHTAJL X>aAGHBTIC TAPB RJSADBRS ^ 

Incremental magnetic tape readers are similar in construction 
and application to incremental magnetic tape reeordere and 
frequently use the same drive mechanism* However^ their principles 
of operation are different and their performance is limited h-^ 

somewhat different parameters* 

In most readers* n:^gnetic tape is read by detecting a change in 
fluE as the tape is moved across the gap of the read head, Thus^ 
Xa'Qi tape must be in motion when it is read. In order to supply 
this motion and yet allow synchronous access to each character ^ 
the tape is first accurately positioned in front of a recorded 
character and then driven into the character position to generate 
a detectable flux change^ The tape is stopped while the character 
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is still under the head so that it caa then be prepositloned for 
the reading of the next character <see Figure 3o 5*2), incremental 
reading creates tv/o problems that do not occur during incremental 
recording* Two tape movements are required to read each 
character; hence, incremental reading is not as fast as incremental 
recording (actually about 6/10 as f^st since the two movements can 
foe synchronous with each other). 

Since two movements are required to read each recorded character, 
it is not practical to incrementally read tape at as high bit densities 
or as high speed as it can be incrementally recorded. Current 
state-of-the-art for reading is SOO characters per second at 200 bits 
per ixii^h^ This may be improved to 500 characters per second at 
556 bits per inch during the same time period that incremental 
recording is expected to be improved to 800 characters per second 
at 800 bits per inch* Since incremental magnetic tape readers are 
useful in similar functional applications as perforated tape readers^ 
the two are compared in Tables 3. 5-4 and 3. 5-5. 

Table 5 indicates that tape readers do not offer all of the advantages 
over perforated tape readei*^ that incremental magnetic tape 
recorders offer over paper tape punches. 

Militarised versions of the incremeixtal magnetic tape recorders and 
readers that use a 300 foot cartridge of magnetic tape are currently 
available. Data is recorded in 200 bpl IBM format at up to 500 
characters per second and read at up to 150 characters per second. 
These units are capable of meeting MIL-E- 16400, The small tape 
cartridge and low recording density limits recording time to about 
si2£ hours,, This is far less than is obtainable by current state«of«the-*art 
but far in esscess of that which is practical with perforated tape. 
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-Tape motion 
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before read gap 
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Step 1, Position of tape pre -positioned for reading 
but before read step. 
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Step 2. Position of tape after read @tep« 



TAPE MOVEMENT REQUIRED 
FOR INCREMENTAL, READING 

Figure S. 5-3 
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COMPARISON OF INCREMENTAL MAGNETIC TAPE HEADERS 
AN0 PERFORATED PAPER TAPE READERS 



INCREMENTAL TAPE 



PAPER TAPS SYSTEM 
(Current State of Art) 



Anticipated 





Current 
State of Art 


Future 
State of Art 


High 
Ferf. 


Med* 

Pert 


Low 

Perf, 


App3£« Cost 


$S0oa 


$5000 


$6000- 


$4500* 


$650 


Speed in Char/ Sec 
iAsjUQliTonous) 


300 


500 


iooo 


400 


60 


Density in Char /In, 


200 


556 


10 


iO 


10 


Max* Char/ Reel' 
with 1000 Char. 
Record 


6 
bxlQ 


6 
ilxlO 


6 
0, 12kX0 


0, 133?!. 0^ 


0*13: 



* Commercial reader and tape handler combination 



Table 3. 5-4 



ADVANTAGES OF INCREMENTAL 
B/IAGHETIC TAPE EEADEES 

Can read computer generated 
tape, CThe computer can generate 
magnetic tape on line at 90 KC or 
more compared to 0, 3 KC or less 
for paper tape* ) 

Can be readily combined with 
incremental recorder to provide 
dual purpose unit. 

Tape is reusable* 

Can accomodate large amount of 
data due to high density of 

recording. 



ADVANTAGES OF FAFEE 
TAPE READERS 

Available in a wide variety of 
cost and performance levels* 

Higher reading speeds possible. 

Can read short piece of tape. 

Can read output of existing 
perforated tape equipment. 



ADVANTAGES OF INC EEMENTA I. MAGNETIC TAPE EEADEES 
AND FAFEE TAPE READERS 

Table 3. 5-5 



All incremental tape reading equipment presently available uses 200 bpl, 
1/2 inch tape with IBM compatible format^ however, cui'rent technology 
is suitable for the development of a cartridge-loaded incremental 
tape unit to read or record 1 inch wide, 450 bpi tape, compatible with 

the militarized digital magnetic tape transport model 3MT-451 

3 
developed by Sylvania under contract NObsr 87543» 
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High speed electromechanical printers are normally used to provide 
printed output on computing ^sterns designed by most computer 
manufacturers. They are an outgrowth of the pimched-card tabulator 
and were designed for use in business applications where a mm^m: 
of carbon copies are required. Their speed, cost, and availability 
have also caused their adaptation as pearipheral equipment on seientif ie 
and military computers. 

Electromechanical line printers are presently capable of printing 
line lengths of 20 to 160 characters with type fonts of 64 characters 
at 1.500 lines ^g^^ minute. £n the future, speeds may be pushed up 
to 2000 lines ^%t minute* Detailed discussions of various types of 
electromechanical line printers-, their operation and functional 
limitations, are contained in Volume ¥, Section 2 of the ANTACCS 
report* Althou^ suitable for commercial and scientific applications^ 
these printers suffer several disadvantages when used In a military 
environment including: 

High maintenance requirements 

Large power requirements 

Large physical slsse 

Heavy tirelght 

Noisy 

Peripheral Device Design Characteristics* Syivania Electronic System 
Contract NOfosr 87543. Evolution of Digital Magnetic Tape Systems for Use 
in Military Environments^ Tyrrell, Morrison & Staller; Proceedings 
1983 Fall Joint Computer Conference, pp. 577-590. 
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In military applieatlons where muitlple copies are not required, the 
non-impact printer can be used to overcome these five disadvantages 
of the electromechanical printer. 3^fctjor techniques for non- impact 
printing include electro-*optieal, electr ©graphic, and magnetic 
printing techniques. 

The electro- optical technique utilisses an electronic-to-optical 
transducer such as a eathode-ray tube to form a character shaped 
optical output. This output is projected on a charged surface which 
is developed by dusting, sprayings or otherwise bringing the surface 
into intimate contact with a series of finely divided particles that are 
attracted to the surface in-Sie charged areas. Unless a treated paper 
with high dielectric properties is used» it is then necessary to transfer 
this powder or "ink" to the final printing su3?f?aGe. In either case^ 
the image is fixed in place by heating. 

The electrographic printer makes use of a treated paper with high 
dielectric properties^ As the treated paper Is moved across a 
matriK of conducting wires, the paper picks vip an electrostatic 
charge in the shape of the desired characters or symbols. The 
paper is developed by dusting, spraying, or otherwise bringing the 
surface into intimate contact with a series of finely divided particles 
which are attracted to the surface in the areas of the charge. This 
powder or "ink" is then taraaisferred to the final printing surface and 
fined by heating. 

:te,gnetic printers utilize a shaped magnetic field formed by a 
magnetized type wheel, tnatriK, or stylus to form a character on a 
readily magnetizable surface. This surface is then used to transfer 
a finely divided m^netic axkaterial to the surface of the paper for 
heat development. 



In addition to these three major categories discussed in detail in 

the ANTACGS Final Beport* several other non-'impact printing techniques 

are being investigated. 

The electro*chemical printer uses a chemically treated paper 
which^ when exposed to an electric fields reacts to form a localised 
blackening of the paper sur£ace« Two versions of this technique 
are currently being investigated* In the first version, the heat 
generated by the electric charge is used to create a thermal reaction 
with the suxfaceof the paper. Typical of this type of paper is that 
used in electrocardiograms and ol^er hot stylus recorders. Xn the 
second version of electro*chemieal printings the voltage supplied 
hy the print head is used to penetrate a dielectric separating two 
chemical €ompoun<^ which react through the pinhole bre^ in the 
dielectric to produce a visible output* 

The photb-chemieal electronic printer utilizes a photosensitive 
chemically treated paper much like a blue print paper. The chemical© 
used are slow reacting e:seept in the presence of ults^^a violet li^t. 
The paper is subjected to a mild ultra violet exposure in the form of 
the desired characters produced by a fibre optic insei*t in the face of 
a cathode-ray tube utiliasing an ultra violet phosphor. Invisible or 
latent images are produced on the paper which are then developed h:y 
further exposure to moderate ultra violet radiation* 

From a technology standpoint, all non-impact printers utilise two 
subsystems of interest* These are the electrical to visual image 
transducer and the imiage developing technique* 

The electrical to visual character transducer is usually a cathode-ray 
tube or a matrix of conducting wires* In current printer implemaatations 
the cathode- ray tube is the only m^ms of obtaining a high quality image* 
Unfoaftunately^ GET devices require high voltage which is not amendable to 
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use of batch-fabricated eireuits and solid state technology. The 
same holds true for the wire matrix techniques as they depend upon 
a high voltage output either to generate a spark, heat» or an electro- 
static charge. Switched beam laser technology which has been examined 
in the display section of the ANTAGCS report offers an interesting 
candidate to replace the CRT or wire matrix^ but relatively higji 
voltages may still be required. Further investigation of the possibilities 
of this technique will be undertaken later in this study. 

The image developing problem is one of major consequence in non-'impact 
printers since most image developing techniques are not suitable for 
a militarized application. 

With electrostatic developing techniques, a material is electrostatically 
attracted to the printing surface and then fused in place by heat or 
bonded with some other technique. The electrostatic techniques 
are probably the most suitable for militajry environments in that 
they add a material to the surface of the paper so that the paper can 
not be accidentally or intentionally altered by exposure to ultra violet 
light* chemicalSj electroma^etic forces^, etc. 

The chemical developers utilize a chemically treated paper a.nd ei^er 
a gaseous development such as ammonia or a liquid developer. 
Development time is of considerable importance^ fairly expensive 
equipment is required, chemicals must be frequently changed, and 
a supply problem is created. This type of development provides 
a fixed, unalterable^ perjamnent copy* but it is bulky and cumbersome 
to use. 

The self contained chemical reactants which are released by exposure 
to heatj, ultra violet lights spark puncturing^ ete» require a relatively 
expensive chemically t3:»eated paper and title copy can later be alteredo 
Further exposure to heat^ ultra violet li^t4^ etc* can permanently 
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damage the copy to such an extent that it is useless. Further an 
aging problem exists in the use of sueh papers* This class of 
material is generally not suitable for military applications. 

The balance of this study will concern itself with all techniques that 
appear promising for non*impact printing, but major emphasis will 
be placed on those that improve the electro-optical transducer 
Ce, g. laser or cathode-ray tube) and on means of developing images 
with electrostatis techniques sinc^ these techniques seem most 
promising toward the production of a future non-»impaot printing 
system suitable for use in a Naval environment. 



3. 5. 3. 2 New Type s of I nput/Output Equipment 
Several new types of input/ output equipment are under development 
that offer promise for performance improvements in future systems. 
These include: 

Character recognition and print readers 

Voice input and voice output 

Hon- mechanical keyboards 

Solid-state replacements for magnetic tape equipment 
Some of these, such as optical character readers, are in limited 
use at present while others, such as voice recognition equipment^ are 
probably ten years or more away. 

The term character recognition is applied to a broad range of 
devices from relatively simple ones capable of reading controlled 
and highly stylized magnetic ink printing on bank checks to ones 
capable of reading fifteen or twenty different tjpe fonts on pages of 
printed documents. By 1970 equipment capable of reading 2Q00 to 
3000 characters per second from a printed page should be available. 



Advances in integrated circuit logic components and memories 
discussed in Sections 3. 2 and 3. 3 will provide significant reductions 
in cost since the implementation of character recognition equipment 
involves complex logical functions* 

Research into voice reco^ition and voice output techniques are being 
supported in a number of organizations at this time, Limited voice 
output equipment capable of outputtlng canned messages is available 
now and some equipment has been demonstrated that is capable of 
putting together recorded Words or, in some cases^ syllables to 
make up a message. However, equipment for truly synthesizing 
voice output from alphanumeric information and equipment for 
recognizing spoken messages as computer input are in fairly early 
stages of research. It is too early at this time to predict any cost 
and performance characteristics for devices of this type. 

Keyboards have always played an important role as a man to machine- 
language transducer. This is tru6 both of independent mpvii devices 
Ce. g. keypunches) and of input portions of consoles providing man-machine 
interaction. Present types of elect romechaaieal keyboards have 
suffered from reliability problems and have required the user's 
fingers to operate in a basically flat rectangular area. New types of 
keyboards are being developed that do not involve mechanically moving 
parts and that may permit more design freedom from the human factors 
standpoint. These include pneumatic, optic, and piezo-electric 
techniques. 

Solid state replacements for magnetic tape may improve the speed 
and reliability available for this type of input/ output function^ but 
cost competition with magnetic tapes is questionable. At least two 
different programs are underway to develop solid-state storage modules 
that could be plugged into read- write electronics in a manner somewhat 
equivalent to placing a reel of tape on a tape unit. If this proves feasible 
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and economical, the input/ output and off-line storage functions presently 
provided by magnetic tape could be provided by high-speed, high- 
reliability devices and media with no moving pariis. 

The goals for one development program of this type are 4 million 
characters per module* read-write rates in the o3:*der of 2 or 3 million 
characters per second^ and costs of approximately 0, 015^ per character 
for off-line storage. A further advantage that would be offered by 
this particular device is random access (in 1 usee) to any block of data 
within a storage module on the read-write unit in comparison to the 
strictly serial access of magnetic tape. The read-write unit would 
have approximately l/lO the power requirements and weight of a 
magnetic tape unit and about one half the siae« If a device of this type 
provides random access to a block of data in the storage module, 
it could also be used as a replacement for electromechanical on-line 
mass memories such as magnetic discs, magnetic drams, and magnetic 
card files. 

CMARAC TEE RECOGNITION A NDPmNT HEADERS, 
The use of character recognition equipment in a real time system 
would seem to be sonaething of an anomaly since a real time system 
implies the direct transmission of data from its source to a central 
processor that is capable of interrupting its operation on a priority 
basis to process the data as received* Character recognition, on 
the other hand^ implies the intermediate storage of data in printed 
form which is later to be read into the computer system hj the character 
recognition equipment. However, real time systems may be frequently 
used in non-real time applications or certain parts of the application 
may be non-real time. Hence, it is worthwhile to examine those 
areas in v/hich character recognition can effectively be used. 

Character recognition can be used for entering data that was previously 
created for iiumaa use only <e, g. books, reports, etc, ). In this type of 
application^ character recognition equipment has frequently been 
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considered as a data input source for computer operated language 
translation systems. 

Character recognition equipment can be used also in applications 
where data has been created at a central pointy, distributed to a 
number of points for later human use^ then returned for subsequent 
computer processing. When data is intended for human use it should 
be written in a human* readable language. When it is also required 
for later computer processing the use of character recognition 
will allow the reuse of the same data without intermediate keypunching 
or other transcription. There are a number of other means which 
could accomplish this purpose. These include magnetically recorded 
information on the back of a printed form such as is used on bank 
ledger cards; punched cards which carry both the punched holes and 
a printed interpretation of those holes as used in utility bills, bar 
coding schemes which include both a bar code suitable for easy 
machine reading and characters which are suitable for human reading. 
These are frequently used on oil company credit cards. 

Character recognition equipment is also useful in applications where 
documents are created from a large number of widely dispersed locations 
for entry into a central data processing system, in this type of appli- 
cation the cost of installing equipment to provide machine coded data 
at each of the remote locations can become so high that it is more 
economical to install a small Inexpensive printing device and rely 
on a centralized character recognition system to convert to computer 
input. 

The types of applications discussed above are not found in the present 
NTDS but are likely to occur in more general tactical data systems * 
particularly if intelligence reports are involved. Marine Corps data 
systems may utilisse this type of equipment for entering printed data 
originating with small remote field units. 
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Many attempts to develop character reading machines have relied 
on a wide diversity of technologies; however, recent work has centered 
around three general techniques. These techniques are mask matching^ 
feature matching^ and toBXrix matching. Each of these techniques 
has been incorporated Into one or more pieces of usable character 
recognition equipment. Each has its own advantages and Its own 
limitations and Is^ therefore^ applicable under certain conditions. 
None has yet been developed to the point where It is completely 
satisfactory for reading a complete set of handwritten alphanumerics. 

Mask matching consists of comparing the character as a total entity 
with a standardised version of the charact er In order to determine 
whether the two are or are not Identical. Mask matching may be 
done either optically or electronically. In either case, it Is done hy 
comparing one shape with another to determine identity. In the 
typical optical ^stem^ the character to be identified is projected 
against a series of negative masks. Where there is no match of the 
character, light passes through the mask and can be seem by a photo 
multiplier. Where a match eKlsts^ the dark area of the character 
obscures the light area of the mask causing a minimum light transmission 
which is detected by the photo multiplier and is used to identify the 
character. Since some large charactera can completely obscure a 
small character Ce. g, an h could obscure a period) both a positive 
and negative mask are usually used. 

When there is a coincidence of max:imum light and tnlnimum light 
between two masks that identify a character, that character is 
considered to have been read. In order to compensate for variations 
in skew and allgnmentj» the projected character is usually optically 
rotated and vibrated up and down during the time tiiat it is matched 
against the mask. 
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This same technique is used electronically by matching an electrical 
mask of the character agsiinst the characters electrical signal as 
stored in the reader. 

Optical mask matching in theory is an attractive means of character 
recognition since the masks can be built quite Inexpensively - all logic 
is optical » and cmly the recognition circuits are electronic in nature. 
Unfortunately^ a large number of masks are required for any appreciable 
type font size^ e. g. a 84 character type font would require 128 
masks. Further each variation of a type font used must include its 
complete set of masks as the machine is recognising a specific 
character including all its characteristics rather than selected 
characteristics that could be common to a group of characters from 
similar fonts. 

If a reasonable reading speed is to be obtained^ the character must 
be projected against all possible masks at the same time. This 
involves an elaborate and complex optical system with its resultant 
attenuation of light. The more characters that must be read the more 
extensive the optical system and the greater the light attenuation. 
This attenuation can only be overcome by a high intensity light source 
with the result that light reflection is usually not adequate and the 
printed source must be on film for projection. Hence, what started 
out to be a simple and inexpensive system frequently becomes a 
very complex, expensive system that will not work. The state of 
present technology for optical mask matching is such that it could be 
developed into a small system for reading a specified set of numeric 
characters, or perhaps alphanumeries, but it is not suitable for multiple 
font readers or the reading of any printed matter except that which has 
hQQU prepared under a specially controlled condition. 
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Matrix matching is similar in theory to mask matching. However, 
it is dependent upon the point by point matching of a character against 
its match rather than matching the character in toto. The system 
operates by scanning a character point by point and storing the light 
value of each point in a recognition matrix. The size of the matriss 
varies with the refinement of the system, however, it usually 
consists of several hundred points* Each point is identified as to its 
color, e. g, black, dark grey, grey, liglit grey, or ^s^ite. When the 
character has been completely entered into the recognition mask^ it 
is moved horisontally and vertically into a standard position and 
rotated to match a base line, 

la some systems, the character is then expanded or contracted in 
order to fit a given recognition area of the matrix. In other systems 
this is accomplished optically before entiy of the data into the matrix. 
The recognition nxatrix is then matched against a series of character 
matrices in order to determine identity. Since no printed character 
is perfect in its composition, voids, fuzzy edges, and other variations 
will occur from one character to another. In the reco^ition matrix, 
the probability of a character occupying each area is determined hj 
the relative grey factor that is included in the recognition matrix. 
Therefore, it is not necessajy that the character be perfect, but rather 
that it come within some percentage match of the character matrix, 
A mxmh®r of character recognition machines have been constructed 
using the matriis matching technique* 

Matrix matching has proved to be a suitable and practical technique 
for reading both single and multiple type fonts. Closely related 
^pe fonts can be read using the same character masks and in many 
cases it is possible to allow a new font to be added b"^ providing 
masks for only those characters that show substantial variation from 
one font to the other. Since this is essentially an improved mask 
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matching technique^ it is necessary to provide different character 
masks for each chasracter of widely divergent fonts. Therefore, this 
type of system is not too practical where it is desirable to read a 
large nmnher of widely different type fonts, hand printed characters, 
or constrained handwriting* The limiting factor on the number of 
characters that can effectively be read is the electrical attenuation 
that results from the number of masks that must be provided. The 
larger the number of masks, the greater the amount of power that 
must be used. 

Feature matching is perhaps the most promising approach to a 
generalized character reader. Feature matching relies on scanning 
the character to detect certain pre-established features and matching 
these features against a series of truth tables representing each 
character. 

The features that may be essamined for character identity are determined 
by the particular design of the system. Features that have heen used 
in the past have included determination of horizontal and vertical bars in 
the character^ determination of line intersections and angles of line 
intersection, number and position of closed loops; number^^ position, 
and direction of opening of open loops; number and position of line 
ends, etc. The criteria used can be reduced or e%psisi4ed as required 
by the number of type fonts that must be read. Since many characters 
from different type fonts have the same features in common, feature 
matching systems are readily upgraded for multi-font reading. They 
have also been used experimentally with some success to read 
constrained hand printed characters. 

Feature matching offers the most probably candidate for future 
character recognition systems for hand printed characters. In 
September 1963, 100 students at Tufts College were given thirty 
minutes of instruction in hand printing numerals. They were then 
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asked to produce copy for chairacter recogaition equipment utilizing 

feature matching. Of 56, 000 numbers produced^ only 120 were 

4 
rejected as non- readable. 

VO ICE INPU T 

Voice input to a computer system involves two major functions - 
speech recognition and word interpretation. Speech recognition 
is the analysis of the human voice \x)i order to determine what word 
is spoken. Word interpretation is the differentiation of one spoken 
word from other similar spoken words and synthesis of its alphabetic 
rather than phonetic equivalent for use as computer input. 

Most of the work in voice input has been concentrated in the areas 
of speech recognition. The problems involved in speech recognition 
are similar in nature to those encountered in character reading. 
In both cases it is necessary to anal3rze the ii^put into a series of 
identifiers that are then compared with a set of standard criteria to 
establish input identity. In voice recognition systems, extensive 
variation in input occurs because of the variation of voices from 
individual to individual and because of the variations of the voice of a 
single individual over a period of time. Aging causes gradual long 
term variations in the frequency output of vocal cords; minor physical 
conditions (e. g, colds, sinus trouble, etc. > cause considerable variation 
of a speaker's voice from day to day; and the emotional state of the 
speaker varies from moment to moment with a resulting variation in 
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emphasis on each word spoken which varies the relative frequency 
distribution and power distribution during the word. 

While a character recognition system can be useful if it can read a 
font of 64 characters^ a speech recognition system must be able to 
accept several thousand words to have any meaningful value« Speech 
recognition systems must deal with a group of variables in pitch and 
intensity that are occurring over the period of time while the word is 
being spoken; however^ character recognition systems can evaluate 
all of the criteria for one chai:^cter at a single moment in time. 
Since the length of words also varies greatly, it is necessary to 
determine both the beginning and ending of a word in order to provide 
its complete analysis. 

Contextual interpretation seems to have been a generally ignored 
facet of the voice input problem. This is probably because the 
problem of speech recognition is so far from sdlutiouo However, 
if a satisfactory means of voice input to a computing system Is to 
be achieved, this problem must also be solved, 

"Language translation problems that utilize character recognition 
are also faced with the problem of determining word meaning. 
The word "frank" could be a proper noun, an adjective, or a verb. 
For example; 

Frank sat in the chair. 

It was a frank discussion. 

I want to irmk this letter 

In the ease of proper nouns in character recognition systems^ it is 
possible to distinguish on the basis of capitalissation (providing that 
the capital noun does not have two distinct meanings)^ but in other 
eases it is necessary to differentiate on the basis of word context. 
Voice identification systems are faced with a similar problem of 
determining word meanings but they must determine meaning not 
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only for words of different meanings that are spelled alike, but also 
for words that sound alike but are not spelled alike. They must 
recognize syllables of words as a partial word rather than a whole 
word. For examples 

I have four apples. 

They are for you. 

We played in a foursome. 

The word is foreign to me. 

In each of the previous examples, the word "for" sounds the same, 
yet they could not be treated in the same manner within a computer. 
Voice recognition equipment capable of recognising the word "for" 
is still not a useful device until it is able to distinguish true identity - 
e, g. whether the input should be transmitted to the computer as a 
digit, a word conaposing part of a sentence, or a syllable comprising 
part of a word. Of course, part of this burden could be put on the 
computer itself. Word meaning is not an insurmountable problem^ 
but it is one that will require considerable effort before a solution is 
available. At present little effort is being devoted to this area of voice 
recognition. 

The investigation of voice recognition in this study is in the initial 
stages. The techniques being pursued both for voice recognition 
equipment and voice interpretation devices will be presented in greater 
detail in the Final Report. 



^/ 



9^ L^-lr-t^^^ ^^r^ "^^V 

Liimlted lurms jf voice output equipment are presently available 
for use with some commercial systems. Applications of voice output 
in the commercial market usually occur in forms of status reporting 
such as stock market quotations* insurance policy status, retail 
credit status, inventory status^ etc. These applications usually take 
advantage of existing telephone communications systems to allow 
remote inquiry via the telephone dial, a remote output via voice 
generation^ without requiring specialised remote input/ output stations. 

In a real-time system voice output can also be useful as a means of 
issueing instructions to an operator and as a means of sounding oral 
alarms. Voice output is particularly advantageous where the telephone 
system or other audio communication systems are already in existence 
since it allows the computer to communicate over this network without 
the installation of additional peripheral equipment. Unlike the 
traditional means of visual output from a computer, voice output is 
able to alert the operator under any circumstances including periods 
of time when his attention is elsewhere^ when his back is turned^ 
when he is in an adjacent room, or even when he is asleep. 

Two types of voice output equipment are currently in use. One type 
of equipment is a peripheral device that stores recorded words 
or "canned messages" that may be called up as output under computer 
control. Words are recorded in analog fashion usually one to a track 
on a drum or tape-loop system. They are switched into the output 
circuit of the voice system as the computer selectively activates ^e 
magnetic read heads. Such system^ are limited in output capacity 
by the number of tracks of audio storage which are available. One 
such system that is commercially available has a maximum capacity 
of 128 words. 
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The other type of system utilises conventianal digital storage techniques 
to store digltalized versions of each word. These are called up as 
required and passed through a series of filters with suitable energizers. 
An audio output is obtained by the combination of the output of these 
filters which are energized by a pattern of input data. In such 
systems^ coded voice can be stored in the same type devices as computer 
data including disc« drurn^ card« magnetic tape^ or punched paper tape. 
In one commercially available system of this type, fifteen filters 
are used to cover the voice frequency range of 200 to 3700 cycles per 
second. Approximately 2400 bits of storage are required for each 
second of voice output or 800 bits per word at an average speaking rate 
of ISO words per minute. The number of words that can be stored 
in this type of system is limited only by the availability of computer 
memory and on line auxiliary storage that is accessible within the 
time delay permissible in creating the output message. 

In both types of equipment the output message is at least partially 
preconceived and recorded as a series of numbers representing the 
addresses of the words to be selected. In some equipments the output 
selected is based upon the input of a request to the system. For example^ 
the user requesting a stock quotation provides an input of the symbol 
of the stock in which he is interested* This symbol in turn is used 
to provide an address at which the last stock transaction is stored. 
This is then used to select the audio equivalent of numbers representing 
the value of the last transaction. 

Should voice output be desirable in an advanced tactical data system^ 
there is no reason that a militarized version of present commercial 
equipment could not be Implemented Since the versatility of current 
techniques are dependent largely upon the storage available, voice 
output in the future will be more a storage problem than an input/ output 
problem* 
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|rON-MECHANICAl, KEYBOARDS 

The keyboard has been the major means of man- ta- machine communi- 
cation since the introduction of data processing equipment, but little 
has been done to improve ke;^oard mechanisms. There are many 
technologies which can be applied to the creation of a non- mechanical 
keyboard as a replacement for a mechanically encoded keyboard. In 
commercial applications there is little incentive to develop such 
keyboards as contact closures have proven to be sufficiently reliable in 
normal office atmospheres. However, in highly corrosive atmospheres, 
explosive atmospheres^ and areas of environmental esdiremes, improved 
keyboard techniques are needed. Non* mechanical keyboards offer 
definite reliability and maintainability advantages under the type of 
conditions in which the Navy system must operate. 

Computer input keyboards are essentially mechanical to electrical 
transducers coupled with some form of encoding device. Presently, 
the encoding is either mechanical or electronic. Most existing keyboards 
depend on some form of mechanical contact closure for the mechanical 
to electrical transducer and utilize one of the following forms of 
encoding? 

Direct contact (or uncoded) 

Direct code generating 

Matrix coded 

Serial coded 

Direst contact or uncoded keyboards utilize key depression to cause 
a contact closure. Output is an open or closed circuit which may be 
used directly or used in conjunction with a code generator to provide 
output. These keyboards require at least one contact for every 
switch or key, and at least one wire connected to each contact plus 
a ground wire. 



Directly eiicoding keyboards are linked to a mechanism that allows 
a number of contact closures to occur at the same time. The group 
of contact closures allowed varies with the key that is depressed 
and results in the direct generation of an output code. Although 
mechanically more complex than uncoded keyboards^ the number of 
contact closures can be substantially reduced as can the number of 
data transmission lines. One contact closure and one line plus a 
ground is required for each encoded bit generated. 

Matrix encoded keyboards are^ in effect, crossbar switches. The 
depression of a key closes a contact representing the row in which the 
key is located, and another contact representing the column in which 
the key is located. Matrix encoded keyboards require one switch and 
output wire to each row and each column position. 

Bit-serial coding can be generated from a key depression by using the 
motion to start an action (usually mechanical) that generates a series 
of timed pulses which in turn can be identified as the coded output 
of that key. This type of output is particularly advantageous in 
applications such as transmission over telephone or teletype lines. 

In military keyboards it is desirable to reduce mechanical actions 
and contact closures to a miniznum. In the previously described 
devices it is possible to eliminate contact closures by replacing them 
with some non-contact form of mechanical to electrical transducer 
such as magnetic transducers^ optical transducers, piezo- electric 
transducers, capacitive transducers, etc. This transducer is then 
used to generate a pulse that is either used directly or used to trigger 
a flip-flop that can act as the contact closure. Since the transducer 
technologies are all well known, only their application to keyboards 
will be discussed here. 
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There is no keyboard technology in the sense that there is a memory 
or circuit technology. Each keyboard is designed for some special 
application and the method of implementing the encoding or contact 
closure is usually left to the keyboard designer. The following 
esiamples illustrate how the previously mentioned technologies could 
be applied to providing solid state implementation of typical keyboard 
configurations. 

A direct contact keyboard or uncoded keyboaa:^ could be implemented 
through the use of piezo- electric crystals by coupling these crystals 
directly to the key so that pressure applied to the key would create 
a pressure on the crystal resulting in a voltage output on a line. 
This pulse could be used directly or used to set a flip-flop protviding 
the equivalent of a contact closure. No mechanical key movenient is 
required. 

A directly encoded keyboard could use piezo- electric crystals to 
generate a coded output for each key directly. This output could either 
be pajrallel or serial. Serial outputs would allow such techniques 
to be used on telephone or teletype lines. There are also a number of 
techniques that can be used for direct coding of output which eliminate 
contact closures but involve some minimal amount of mechanical 
motion. The first and most obvious of these is to replace the contact 
closure with a vein used to interrupt light beams directed at photocells 
with the particular beams interrupted to correspond to the coding. 
Keyboards of this type are commercially available now. Others involve 
the movement of a permeable material in a magnetic field to generate 
flux changes that can be sensed on one or more windings^ Each winding 
can be used to represent the separate bit of the output code. 

Pneumatic keyboards have been built in which the fingers cover 
openings through which air under slight pressure is normally escaping. 
The change in backpressure caused by placing a finger over one of the 
openings is sensed and can be used to actuate pneumatic logic devices. 



These pneumatic logic devices can encode the information with the 
encoded information then being converted to electrical signals by 
suitable transducers. This approach can provide a high reliability 
keyboard since the fingers have replaced mechanically moving keys. 
The absence of mechanical linkages can also permit greater flexibility 
in the human factors design of the shape and "key" placement. 

SOLID-STATE REPLACEMEN T FOR MAGNETIC TAP S EQUIPMENT 
In the present NTDS, magnetic tape is used primarily for the purpose 
of program storage. In this application, appropriate program tapes 
are kept on line with the computer to allow re-entry of a program 
in case of computer failure and to allow fast changes in computer functions 
via program changes. 

Future applications of magnetic tape in NTDS type systems may also 

include; 

Temporary storage of intermediate results where it is not 
economically practical to furnish sufficiently large main menaory 
or auxiliary memory. 

A media for tratnsferring data from one system to another in 
the same or different physical locations. 

Off-line storage of data not required for the immediate problem. 

The wide range of applications for magnetic tape storage is large the 
result of the characteristics of the tape rather than the tape transport. 
These desirable tape characteristics include: 

Low cost per character of storage* 

High density of storage. 

Light weight of the tape in terms of characters per pound« 

No power required while data is in stored condition (i. e. not 
being read or written). 
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Head /write speeds commensurate with the input/ output 

rates of computing systems. 
Reusable over a prolonged period of time without wear or degradation. 

In extreme military environments, present magnetic tapes require some 
environmental control both during shipment and while in operation. 

The typical operating environment required for magnetic tapes is 

o 
65-85 F. with 40-60% relative humidity. Storage requirements are 

normally 40'*90 F. with 20-80% relative humidity. Most tapes will 

melt or burn and stored data will be lost completely if the tape is 

heated beyond the Curie point of the magnetic material. Shock or 

exposure to electrical, nuclear, or magnetic environments can also 

cause loss of data. The tape itself can be damaged by many chemical 

atmospheres and solvents. However^ the Achilles heel of a militarised 

magnetic tape system is not the magnetic tape but the tape transport. 

Presently available militarized magnetic tape units provide performance 
comparable to that of their commercial counterparts. Although some 
commercial equipment can provide much higher peak transfer rates, 
the overall performance of this equipment is still limited by the 
start stop times (on the order of 3 ms) that can be achieved with 
electromechanical equipment. 

All present tape transports involve the physical movement of a very 
thin <appro3£imately I mil) piece of plastic at high speeds < 100- 200 
inches per second) across a highly sensitive read/ write head. As 
the tape is usually coated with iron oKide, head wear and tape wear 
is inevitable. Head w^r produces a widening of the read/ write gap 
with a resultant decrease in frequency response of the head. Tape 
wear produces dust particles that can result in loss of data unless 
constant cleaning is provided to remove the dust. Good magnetic 



tape system performance is the result of fast start times » high tape 
speed, and small head gap sizes; however, these are the very items 
that produce wear and require frequent maintenance. 

It is possible to completely eliminate the need for magnetic tape 
units through the use of large amounts of on*line mass storage and 
real time communication channels between all processors in a computing 
system. However, other present concepts allow a less costly system 
to achieve similar performance while increasing reliability. 

The removeable disc storage system offers an attractive alternative 
as a possible intermediate step between the all- solid* state tape 
replacement for magnetic tape units and the present magnetic tape 
systems. 

Prior to extensive development of magnetic tape replacements, the 
optimum data storage size for a tape system should be carefully 
determined. In many scientific applications, the^rst 400 feet of 
tape are used so much more frequently than the balance of the reel 
that some users follow the practice of cutting off the worn tape and 
using the balance of the tape until it has wortt out. Size should be 
baaed both on present data requirements and anticipated future 
requirements categorized by different types of applications. It is only 
through such an analysis that the optimum tape length or size of data 
storage block can be determined. Since this is of vital importance in 
the determination of specifications for a future magnetic disc or solid 
state magnetic tape replacement it is recommended that such a study 
fee undertaken. 

Specifications for the Sylvania MT451 transport currently under Navy 
evaluation call for MTBF of 400 hours with 90% confidence. They 
further require 15 minutes per day of scheduled maintenance plus 
6 hours of scheduled maintenance every 30 days. The deficiencies 
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of even this vixggedized magnetic tape unit are evident when it is 
realized that these units are intended to be used with an NTDS 
computer such as the GP642 that provides MTBF in excess of 1800 
hours with little or no scheduled maintenance required. The high 
maintenance requirements and low MTBF are a result of the electro- 
mechanical strains that must be placed on the system in order to achieve 
reasonable start- stop times and transfer x^tes. It is not possible to 
eliminate those strains in a conventional magnetic tape transport desl^ 
without seriously degrading the performance of the system. Effective 
use of the transport required stopping and sta3:ting the ^pe in a few 
milliseconds. In the case of the Sjflvania transport, tape is accelerated 
from a rest position to 100 inches per second in 3 milliseconds. This 
represents a total travel of the tape of 0. X23 inches during its acceleration 



Considering the large amounts of wear and stress that are placed on 
a magnetic tape, the reliability of current tape units is remarkable. 
However^ when they must be depended upon in a real time combat 
situation^ their performance^ maintenance requirements^ and MTBF 
are major problems. 

Both high maintenance requirements and low MTBF could be overcome 
by developing a solid state auKlliary storage unit as a magnetic tape 
replacement. One approach is to provide a large on-line auxiliary 
mass storage system "partitioned" so that sections or "reels" are 
allocated to different computers or problems as required. However ;, 
to effectively replace magnetic tape units In many applications 
Ipartieularly from a cost standpoint) it will be necessary to develop 
removable storage modules that can be transported and plugged into 
a set of read- write and ccmtrol electronics xxiuGh. as a reel of tape 
is placed on a tape transport. 
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On line solid-state auxiliary mass storage units capable of fulfilling 
many of the requirements of a magnetic tape replacement are available 
noWo However^ they are expensive an*i are not removable or trans- 
portable„ Memory technologies suitable for the development of this 
type of memory must provide large ca^mcity storage at a low cost 
per bit including electronicd» must be non-volatile^ and must 
require little or no power in the quiescent state. Compactness of 
storage is also important since large amounts of such storage may be 
necessazy. 

Prior investigation of mass storage techniques reported in Volume V 
of the ANTACCS study covered the following technologies that may be 
available by 1970 for such applications^ 
Plated wire storage 
Planar thin film storage 
Permalloy sheet toroid storage 
continuous sheet cryogenic storage (requires power for refrigerator 

in order to maintain storage)o 
Ferroacoustie storage 
Tixzs- are described and discussed in greater detail in the memory 
sectlo of this report and in an interim repoH being prepared on memory 
technc'ligy^ 

For inte. mediate applications and applications where rotating equipmait 
can be toltt^ted^ large fixed head disc or drum systems can be used* 

In applications -vhei^e the solid state replacement for magnetic tape 
is to function only rts a program store» read-only memorligs and slow 
write memories sh( uld also be considered. Read-only memories 
that can be considered for this type of application are the piggyback^ 
twistor^ capacitive sensing memories, photographic storage^ and 
non-destrictive read versions of plated wire and planar thin- film 
memorieso 
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The portable and off-line storage concepts of solid-state magnetic 
tape replacement require a storage media (in blocks of several 
million characters) that is compact, is easily and economically 
separable from its electronics, has a very low cost per bit for the 
media without electronics and controls, and can be packaged in a 
portable form that is relatively insensitive to shipping and environmental 
damage. 

The ^rroacoustic delay line is the best candidate of those listed 
above since it can be most easily separated from its drive and control 
electronics at low cost* but packing density may limit the practical 
si^e of such memories. 

The functional replacement of magnetic tape transports ^ith a "solid 
state" unit could offer many desirable features for military applications. 
Among these ares 

Reduction in maintenance requirements. 

Substantial improvements in MTBF. 

Improved performance characteristics. 

The greatest difficiilty in application of solid state techniques to a 
magnetic tape replacement is their relatively high cost per bit of 
storage. The cost per bit of some techniques such as the ferroacoustic 
delay line can be less when used for a solid state magnetic tape unit 
replacement than they are when used as an on-line auxiliary memoiy 
because of the ability to store the media off-line without tleing up 
read-^write electronics- 



3. 5. 3. 3 System Organization to Minimiae Input /Output 
In large systems the greatest improvement in the performance of 
input/ output equipment ean be achieved by avoiding input/ output 
operations wherever possible. By keeping the data within the system 
and by capturing data at the source^ much of the need for conventional 
types of input/ output equipment can be reduced. For eisample, the 
need for voluminous printed reports can be reduced sharply if the 
user is operating on line with the processor through an efficient 
console. When any part of the data base within the system is rapidly 
available to the user upon request, he will have little need for large 
reports that are used for occasionally looking up printed results - 
particularly since these may be out of data by the time they are used. 
The present NTDS system provides a good example of this approach 
with input and output being handled directly on-line through the user 
consoles. The major use of conventional lypes of input/ output equipment 
in NTDS has been reduced to that of loading and changing or programs* 

Hardware developments such as the availability of low cost solid- 
state on4ine a«2£iliaa?y storage will be essential to this approach, 
but this solution is primarily a matter of systems design. Hence, 
this approach to solving the problem of imbalance between input/ output 
equipment and central processor can only be recommended hs re. The 
development of this approach is outside the scope of this study but 
should be considered in related systems design studies. To achieve 
the improvements possible In this area will require a combined effort 
of users, programmers^ hardware engineers, and systems planners 
and designers. 
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4o IMPACT OF NEY^^ HARDWARE TECHNOLOGIES 
ON FUTURE HA VALr TACTICAL SYSTEMS 

Any new taetical system developed in the future will undoubtedly 
represent increased seope and increased performance requirements. 
However^ improvements in maintainability and reliability and 
reductions in size, weight, and power that can be achieved by the use 
of new technologies will be so gi eat that they will justify the develop- 
ment of a new system— even if there were no requirements for 
increased performance or broader scope. Although this study does 
not include a cost effectiveness analysis^, it is believed that increased 
system effectiveness resulting from increased availability coupled 
with reductions in the training level and the number of maintenanes 
personnel required on shipboard will justify the cost of developing 
a new system. Equipment costs (aside from developmait) will be 
less and logistics costs will be decreased alsoo Significant savings 
in space and weight will be of particular importance on smaller 
shipSa 

Maintenance personnel savings were discussed in Section 2, % 4<. 
To Illustrate the savings in size^ weight, and power requirements 
that will be possible with teehnologieal advances anticipated by 1970^ 
each equipment in the present NTDS system (exeluding communications] 
has been compared with estim.ates for equipment capable of providing 
the same performance but utilising new technologies* These 
comparisons* shown in Table 4«l;» also serve to Illustrate the types 
of equipment in which significant improvemcaits are anticipated and 
those in is^^ich only minor advances are expected* The estimates 
for equipment in 1970 are believed to be conservative for the 
digital electronic equipment but may be somewhat optimistic for 
some of the electromechanical peripheral equipments 
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Fresesil NTDS 



Equipment 



INo* in 

System 



Size W©i^t 
Cu» Ft, hhB, 



Power 

Watts 



AH/ USQ20B Computer 
Magaetie Tape Unit 
Video Processor 
Teletype & Adaptor 
Paper Tape Unit 
System Monitor Panel 
Terminal Equip, Logic 
Keyset Central 
Keyset Universal 
MG Set 
MG Control 
Interconnection Panel 
Central Pulse Amp 
Symbol Generator 
Display Console 



Totals for Typieal Systems 



51 
46 
46 
29 
15 
14 
32 
32 
3 
24 
11 
14 
8? 



33 



2400 

1400 

1500 

300 

260 

400 

1000 

960 

100 

1000 

320 

250 

630 

700 

1200 



Equivalent 1970 System 

Sise Weight 

CUo Ft, Lbs. 



Total Reduction 
(No. X Difference) 



Power 

Watts 



4500=^ 


2 


2700 


35 


2100 


4 


500 


20 


700 


10 


240 


7 


1400 


3 


1400 


3 


200 


2 


iOOO^'St 


5 


••«»«»«» 4c^ 


2 


aiaaCT 


0»5 


390 


12 


080 


4 


1400 


16 



100 
1100 
200 
200 
170 
200 

too 

100 
70. 
300 
120 
20 
300 
150 
500 



250 
2100 
400 
350 
470 
150 
200 
200 
120 
150 

200 
150 
600 



Sisie 
CUoFt, 



Weight 

LrbSo 



Power 
Watts 




147 

22 

84 

8 

5 

7 

29 

29 

8 

27 

27 

108 

15 

28 

192 



^"^ Includes 2000 Watts required to run the blowers 

*^* Power input to MG Set and MG Controller in sj^oess of that delivered to the computer 

COMPARISON OF EQUIPMENTS OF TYPICAL NTDS SYSTEM 
¥/ITH EQUIYALEHT PEEFOEIVl^HCE EQUIPMENTS FEASIBLE IN 1970 



6900 
600 

2600 
100 
90 
200 
900 
860 
240 

2100 
600 

1840 
330 
550 

8400 



6900 
1200 
3400 

150 

230 

90 

1200 

1200 

640 
2550** 

190 

530 
9600 



These comparisons indicate that significant advantages can accrue 
to the Navy in utilizsing new technologies even without considering 
Increased performance requirements* For a typical NTDS installation^ 
the estimates for equipment feasible in 1970 repT^sent reductions 
of approximately 67% in volume, weight, and power requirements. 
In addition to the advantages illustrated by these comparisons^ 
improved maintainability and reliability improvements of greater 
than one order of magnitude for digital electronic equipments provide 
strong arguments for the utilization of these new technologies at 
the earliest possible time. The maintainability improvements will 
be reflected in reduced training required for maintenance personnel^ 
reduced numbers of maintenance technicians required on shipboard, 
reduced supply and logistics requirements for spare parts, and 
reduced down-time and increased availability. 
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5, INFORMATION SCUHCSS 

5. 1 ORGANIZATIONS CONTACTED 

Hardware teclmologles wad maixitajnabillty have been discussed with 
personnel of a auinber of different companies and governmental 
agencies in the course of this study. The following list indicates 
the companies and governmental agencies and the topics discussed 
with eachs 

IBM Research Laboratories Advance technologies in memories^ 

Yorktown Heights, N, Y, eireuitSj, and input/ output equipment 



China lake, California 



Modular exploratory cawipiiter CAHC] 

Display technology 

Incremental magnetic tape technology 



Navy Special Frojeets Office 
Washington;^ B. C* 



Modular integrated eireuit 
subassembly standardization 



RADC 

Rome. New York 



Solid"* state mass memory . 

and assoeiative memoiry teshnoloi 
Display technology 



Naval Applied Science Laboratory MaintainabEity 
BrooklyBa New York Packaging Concepts 



Naval Bleetronics Laboratory 
La Jollaij California 



Maintainability 
Integrated Combat System 



General Dymtmies SJiectronles 
San DiegOj, California 



Display technology 



liO 



ONR 

V/ashiagton^ B„C, 



Maintainability and Inventory 
problems 



BuWeps 

Washington, D, C, 



Maintainability and Reliability 
aspects of IHAS 



BuShips 

Washington* B, C» 



Maintainab ility 
Reliability 
Integrated circuits 
Microelectronics 
NTDS 



The HAND Corp. 

Santa Monica^ California 



Future computer technology 



Teledyne Corp. 

Los Angeles, California 



Maintenance and packagini 
aspects of IHAS 



Litton Industries 

Canoga Park^ California 



Display technologies 



Iiibrascope Group 
Glendale, California 



Memoify technology 
Display technology 



Burroughs Corporation 
Pasadenaj, California 



Character recognition 
'Print readers 



Kennedy Corporation 
Fasadena, California 



Incremental magnetic tape 



tJnivae 

Blue Bell-, Pennsylvania 



Memory technology 

Component and packaging technoloi 

Fluid logic technology 
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laformaties, Inc 

Van Nuys* California 
Bethesda, Maryland 



ANTACCS Study 
MTACCS Study 



EMC 

Washington, D«C« 



ANTACCS Study 



Westinghouse Molecular 
Eleetronies Division 
Elkridge, Maryland 



Integrated circuit research 
Packaging techniques 



GE TEMPO 

Washington, D, C. 



Maintainability 



NAFi 

Indianapolis^ Zndiana 



Thin-film circuits 

Automatic packaging techniques 



WADC 

Dayton, Ohio 



Reliability and maintainafoHily 
Integrated eireuit and 
packaging technology 



USS Kitty Hawk 

San BiegO; d^lifomia 



NTDS operation and maintesaanee 



Discussions with persoimel of these organisations provided a basis for 
mueh of the Information presented in this repo3:*t. M addition to 
discussing techniques and approaches that have not been adequately 
deseadbed in published literature^, the opinions of experts in speeifie 
areas in these organisations were solicited eoneerning the advantages j, 
disadvantages^, limitations and future prospeets for different 
teehnologieSo 
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A large number of references have been used in the course of this 
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intended to reflect all of the published material reviewed in this study 
but to list the more impo3:i:ant new references that have contributed 
to information in this report. 



CBibliography is presently being 
l^ped and will be added to this 
report before it is distributed. | 



2f 

voy" 






9 z^^ 



JL JL^ 



